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For man patients 
with Parkinson’s disease 


Sinemet 25-100 

i when symptoms 
ear y first impair function 
Handwriting deterioration is one of the early 
signs of Parkinson's disease. Tremor, rigidity, and 
bradykinesia are other early symptoms o: the 
disease. When these early symptoms first impair 
function, it is time to start SINEMET 25-160 
in appropriate patients. 
The significance of “early therapy”: “There is 
ample evidence that treatment with levodopa 
improves the quality and length of life, and no 
real evidence that delaying therapy confers 
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benefits in the future. 


Sinemet 25-100 


(Carbidopa-Levodopa | MSD) $z:s:53 ^ 
Right from the start 


SINEMET is contraindicated in: a 
g patients who have received monoamine oxidase inhibitors within 
two weeks 


g patients with known hypersensitivity to this drug 

D patients with narrow-angle glaucoma 

g patients with suspicious, undiagnosed skin lesions or a history 
of melanoma 

1. Hoehn, M.M.M.: Parkinsonism treated with levodopa: Progression and mortali-y, 

J. Neural Transm. Suppl. 19:253-264, 1983. 


For a Brief Summary of Prescribing Information, please see next page of this advestisement. 
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Dosage Guidelines 

Individualized dosage—a key to clinical 
success with SINEMET 

€ begin when symptoms first interfere with 
normal function 

€ adjust as necessary to help maintain relief 
of symptoms 


For initial therapy... 
Start with: 


SINEMET 25-100 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


one tablet t.i.d. 


If necessary, to control symptoms, dosage 
may be increased by one tablet every day or 
every other day until a dosage of six tablets of 
SINEMET 25-100 a day is reached. 


When it is evident that patients 
need more levodopa... 
Transfer to: 


SINEMET 25-250 
containing 25 mg carbidopa 
(anhydrous equivalent) and 
250 mg levodopa 


one tablet t.i.d. 

If still more levodopa is necessary, dosage 
with SINEMET 25-250 may be increased by 
one-half to one tablet every day or every 
other day to a maximum of eight tablets a day. 


When individualizing dosage... 
Titrate with: 


SINEMET 10-100 
containing 10 mg carbidopa 
(anhydrous equivalent) and 
400 mg levodopa 


oR SINEMET 25-100 
oR SINEMET 25-250 


The optimum daily dosage of SINEMET must 
be determined by careful titration in each 
patient. Tablets of the three strengths may be 
given separately or combined as needed to 
provide the optimum daily dosage. 


For patients transferred 


from levodopa 

DISCONTINUE LEVODOPA AT LEAST 

8 HOURS BEFORE STARTING SINEMET. 
The starting dose for SINEMET should pro- 
vide about 25 percent of previous levodopa 
requirements. (Patients receiving less than 
1500 mg of levodopa a day should be started 
on one tablet of SINEMET 25-100 t.i.d. or q.i.d.) 


For full details on dosage and 
administration, see Prescribing 
Information. 
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(Carbidopa-Levodopa | MSD) 


When SINEMET is to be given to patients who are 
being treated with levodopa, levodopa must be 
discontinued at least 8 hours before therapy with 
SINEMET is started. In order to reduce adverse 
reactions, it is necessary to individualize therapy. 
See the Warnings (below) and Dosage and 
Administration sections in the Prescribing Infor- 
mation before initiating therapy. 


Contraindications: MAO inhibitors and SINEMET 
should not be given concomitantly. MAO inhibitors must 
be discontinued at least 2 weeks prior to initiating ther- 
apy with SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle 
glaucoma. 

Because levodopa may activate a malignant 
melanoma, it should not be used in patients with sus- 
picious, undiagnosed skin lesions or history of 
melanoma. 


Warnings: Levodopa must be discontinued at least 8 
hours before SINEMET is started. SINEMET should be 
substituted at a dosage that will provide approximately 
25 percent of the previous levodopa dosage. (See Dos- 
age and Administration section of Prescribing Informa- 
tion.) Patients taking SINEMET should be instructed not 
to take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary 
movements and mental disturbances. These reactions 
may be due to increased brain dopamine following 
administration of levodopa. All patients should be 
observed carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution 
patients with past or current psychoses. Because car- 
bidopa permits more levodopa to reach the brain and, 
thus, more dopamine to be formed, dyskinesias may 
occur at lower dosages and sooner with SINEMET than 
with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to 
patients with severe cardiovascular or pulmonary dis- 
ease, bronchial asthma, renal, hepatic or endocrine 
disease. 

Exercise care in administering SINEMET, as with 
levocopa, to patients with history of myocardial infarc- 
tion who have residual atrial, nodal, or ventricular ar- 
rhythmias. In such patients, cardiac function should be 
monitored with particular care during period of initial 
dosage adjustment, in a facility with provisions for 
intensive cardiac care. 

As with levodopa, there is possibility of upper Gl 
hemorrhage in patients with history of peptic ulcer. 

A symptom complex resembling the neuroleptic 
malignant syndrome including muscular rigidity, ele- 
vated body temperature, mental changes, and 
increased serum creatine phosphokinase has been 
reported when antiparkinsonian agents were with- 
drawn abruptly. Therefore, patients should be observed 
carefully when the dosage of SINEMET is reduced 
abruptly or discontinued, especially if the patient is 
receiving neuroleptics. 

Usage in Pregnancy and Lactation: Although 
effects of SINEMET on human pregnancy and lactation 
are unknown, both levodopa and combinations of car- 
bidopa and levodopa have caused visceral and skeletal 
malformations in rabbits. Use of SINEMET in women of 
childbearing potential requires that anticipated benefits 
of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to 
nursing mothers. 

Usage in Children: Safety of SINEMET in patients 
under 18 has not been established. 


Precautions: As with levodopa, periodic evaluations of 
hepatic, hematopoietic, cardiovascular, and renal func- 
tion are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular 
pressure is well controlled and patient is monitored 
carefully for changes in intraocular pressure during 
therapy. 

Laboratory Tests: Abnormalities in laboratory tests 
may include elevations of liver function tests such as 
alkaline phosphatase, SGOT (ALT), SGPT (AST), lactic 
dehydrogenase. and bilirubin. Abnormalities in protein- 
bound iodine, blood urea nitrogen, and positive 
Coombs test have also been reported. Commonly, 
levels of blood urea nitrogen, creatinine, and uric acid 





are lower during administration of SINEMET than wee 
levodopa. 

SINEMET* (Carbidepa-Levodopa, MSD) m 
cause a false-positive reaetion for urinary ketone bodi 
when a test tape is used for determination of ketonu 
This reaction will not be altered by boiling the uri 
specimen. False-negative tests may result with the u 
of glucose-oxidase methods of testing for glucosuria. 

Drug Interactions: Caution should be exercis 
when the following drugs are administered Conconi 
tantly with SINEMET 

Symptomatic postural hypotension can occ 
when SINEMET is added to the treatment of a patie 
receiving antihypertensive drugs. Therefore, when th 
apy with SINEMET is started, dosage adjustment of tr 
antihypertensive drug may be required. For patien 
receiving Monoamine oxidase inhibitors, sew 
CONTRAINDICATIONS. 

There have been rare reports of adverse reaction 
including hypertension anc cyskinesia, resulting frome 
the concomitant use et tricyclic antidepressants ar 
SINEMET. 

Phenothiazines anc butyrophenones may reduc 
the therapeutic effects of levodopa. In addition, tr 
beneficial effects of levodopa in Parkinson's aa 




















have been reported to be reversed by phenytoin a 
papaverine. Patients taking these drugs with SINEME— 
should be carefully observed for loss of therapeut 
response. 

Adverse Reactions: Most common serious advers 
reactions occurring with SINEMET are choreiform, dy 
tonic, and other involumtary movements. Other seriou 
adverse reactions are mental changes including par 
noid ideation and psychotic episodes, depression wi 
or without development of suicidal tendencies, a 
dementia. Convulsions also nave occurred; howevef, 
causal relationship with SINEMET has not bée 
established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irregt 
larities and/or palpitations, orthostatic hypotensiv 
episodes, bradykinetic episodes (the "on-off" phenorr 
enon), anorexia, vomiting, and dizziness. 

Rarely, GI bleeding, development of duodenal ulc 
hypertension, phlebitis, henolytic and non-hemolyt 
anemia, thrombocytopenia, leukopenia, and agranul 
cytosis have occurred. 

Laboratory tests which have been reported to b 
abnormal are alkalinehosohatase, SGOT (ALT), SGP” 
(AST), lactic dehydrogenase, bilirubin, blood urea nitre ~ 
gen, protein-bound icdine, and Coombs test. 

Other adverse reactions that have been reporte 
with levodopa are: Nervous System: ataxia, numbne 
increased hand tremor, muscle twitching, blephar 
spasm (which may be taken as an early sign of exce" 
dosage, consideration of dosage reduction may t 
made at this time), trismus, activation of latent Horner 
syndrome. Psychiatric: confusion, sleepiness, insor® 
nia, nightmares, hallucinations, delusions, agitatiow— 
anxiety, euphoria. Gastrointestinal: dry mouth, bitt 
taste, sialorrhea, dysphag a, bruxism, hiccups, abdorr 
nal pain and distress. constipation, diarrhea, flatulenc: 
burning sensation of tongue. Metabolic: weight gain ¢ 
loss, edema. Integumentary: flushing, increase | 
sweating, dark sweat, skin rash, loss of hair. Genitoue 
nary: urinary retention, urinary incontinence, dark urin 
priapism. Special Senses: diplopia, blurred visio 
dilated pupils, ocutogyric crises. Miscellaneous: wea 
ness, faintness, fatigue, headache, hoarseness 
malaise, hot flashes, sense of stimulation, bizarr 
breathing patterns. neurcleptic malignant syndrome. 
Overdosage: Management of acute overdosage wit 
SINEMET is basically the same as management c 
acute overdosage with levodopa; however, pyridoxi 
is not effective in reversing the actions of SINEMET. 

How Supplied: Tablets SINEMET 10-100, SINEME 
25-100, and SINEMET 25-250 are supplied in bottles «— 
100 and unit dose packeges of 100. 

Storage 

Tablets SINEMET 10-100 and tablets SINEMET 25-25 | 
must be protectedifrom ight. 1185(DC683481- 
M S D Fcr more detailed information, 


consult your MSD Representa- 


tive or see Prescribing Informa- 
ERCK 
BONME 














tion. Merck Sharp & Dohme, 
Division of Merck & Co., INC., 
West Point, PA 19486 


c POM 
Pee ji eh 


VOLUME 44 





EEUU UE LL $ 1 ET NERE AAE TE vam Ghé aepen Voodoo 11 


Osthostatic Hypotension due to Diabetic Autonomic Neuropathy? Treatment 
With Domperidone Aiain Destee, MD; Didier Leys, MD; Brigitte Delisse, MD; Pierre 
Warot, “ID, Lille, Franee .. . Exercise-Related Middle Cerebral Artery Territory 
Stoke Charles DeCarli, MD; Roger Kurlan, MD; Richard Green, MD, Rochester, 
NY... werpesvirus in Alzheimer's Disease: A Refutation Gareth W. Roberts, 
PhD, Harrow, Engiand 


WITORIALS 


Widitioms, Renovations, and New Paint 
EE SRM, PTET, FIGDOBIOT, IVY OT OIO PE 20 


-]mÁentza amne Technology 
BEEN Bub Borhesior, NW ....25..— errore error ppt eser th ano sa 20 


WRIGINAL CONTRIBUTIONS 


mauko-A-aiosms 
Vlad*mnir © Hachinski, MD, FRCP(C); Paul Potter, MD; 
ooo, s WE sumas, E —À— 21 


we Clinical Biagnosis of Alzheimer's Disease 
JohmP. & Wade, MD; Thomas HR. Mirsen, MD; 
Vladimir C. Hachinski, MD; Michael Fisman, MB; 
Catherine _au, BScN; Harold Merskey, DM, for 
the Univesity of Western Ontario Dementia Study Group, London, Ontario .................. 24 


arobserver Variation in Computed Tomography of the Brain 
Donat Le MB; Allan Fox, MD; Fernando Vinuela, MD; 
Davia Pelz MD; Catherine Lau, BScN: Alan Donald, PhD; 
BEEN CUE DUUM E Sad Sscasdinchasivesoesevesvsvecsinceeospeessatpsvsssccssecagsseésssseys 30 


ncies on Computed Tomographic Scan (Leuko-Araiosis) 

Allan Steirzart, MD; Vladimir C. Hachinski, MD; 

Cathesine Lau, BScN. Allan J. Fox, MD; Fernando Diaz, MD; 

Ronal Cage, MD; Denaid Lee, MB; Domenico Inzitari, MD; Harold Merskey, DM ........ 32 


E Findings in Subjects With Diffuse White Matter 


cnitive and Neurologic Fincings in Demented Patients With Diffuse 

ite Mater Escencies on Computed Tomographic Scan (Leuko-Araiosis) 
Allan Steingart, MD; Vladimir C. Hachinski, MD; 
Cathecne Lau, BScN: Alian J. Fox, MD; Hannah Fox, MBBS; 


Donaic Lee MB: Domenico Inzitari, MD; Harold Merskey, DM ..............— eee 36 


sascular Fisk “actors and Leuko-Araiosis 
Domer*co tazitari, MD; Fernando Diaz, MD; Allan Fox, MD; 
Vladim C. *achinski, MD; Allan Steingart, MD; 
Catherne Lsu, BSeN; Alan Donald, PhD; John Wade, MD; 
eer oa Alleskey DM ...LLLLLii iie ere eerie eo eo eer eter eee repe a o eee retenu o o ean ue eoe e uo Une 42 





The ARCF*VES 53F NEUROLOGY “ISSN 0003-9942) is published monthly by the American Medical 
ssociation, 335 ™ Dearborn St, Chicago, IL 60610, and is an official publication of the Association. 
econd-ciass-postzse paid. at Chicago and at additional mailing office. 


"eas» address ccespondence cencerning accepted or published communications to: AMA Specialty 
-yrnals, 53€ N Dearborn St, Chicago, IL 60610. 


Came. 


NUMBER 1 





JANUARY 1987 


Average Monthly Circulaton, 19,800 


Chief Editor 
Robert J. Joynt, MD PhD 
601 Elmwood Av» 
Rochester, NY 14642 


Associate Editors 
David Goldblatt, MD, Rocmester, NY 
Viadimir Hachinski, MD, FRCP(C) 
London, Ontario 
Melvin D. Yahr, MD, New York 


Assistant Editors 
Richard Rudick, MD, Rochester, NY 
Ira Shoulson, MD, Rochester, NY 


Book Review Editor 
Maurice Chariton, MD, Rocmester, NY 


History Editors 
Robert Currier, MD, Jackson, Miss 
Richard Satran, MD, Rochester, NY 


Neurological Review Ectors 
Richard Moxley Ill, MD, Romester, NY 
Anne Young, MD, PhD, Ann Arbor, Mich 


Editorial Assistant 
Patricia E. Goodman, MFA, Fittsford, NY 


EDITORIAL BOARD 
Robert H. Ackerman, MD, Boston 
Antonio Damasio, MD, PhD, lowa City 
David Drachman, MD, Worcester, Mass 
David Goldblatt, MD, Rochester, NY 
Robert C. Griggs, MD, Rochester, NY 
John Growdon, MD, Boston 
Vladimir Hachinski, MD, FACP(C) 
London, Ontario 
Jun Kimura, MD, lowa City 
Harvey S. Levin, MD, Galveston, Tex 
Matthew Menken, MD, New Brunswick, NJ 
John Moossy, MD, Pittsburgh 
George W. Paulson, MD, Columbus, Ohio 
Marjorie E. Seybold, MD, La volla, Calif 
Arnold Starr, MD, Irvine, Calif 
Jack P. Whisnant, MD, Rochester, Minn 


James H. Sammons, MD, Executive Vice- 
President 

James S. Todd, Senior Deputy Executive Vice- 
President 

Whalen M. Strobhar, Deputy Executwe Vice-Presi- 
dent 

Theodore R. Chilcoat, Jr, Assistant Executive 
Vice-President 

M. Roy Schwarz, MD, Assistant Executive Vice- 
President 

George D. Lundberg, MD, Vce-President, 
Scientific Information 

John T. Baker, Vice-President, Publishing and 
Marketing 

Norman D. Richey, Director, Publicatien Production 
and Printing Division 

Joseph Dennehy, General Sales Manager; 
Director, Advertising Sales and Promotion 
Services Division 

Lee A. Parent, Director, Circulation-Fulfillment 
Division 


N 
Wa jane as 
è piti 21 : 
"co^ r 
. a fo -fye 


D ie 
NUN 








M 


c REM EO an vae Same 


ame 
LR AUC 


X 


"uu 
mis 


bd 
bss 


yA a "xs 


r 


2 i» ^ 
4 L E A1 89e £N 
M€MUEEL V rns f 


> | 
AE ion 


ret 


Th 
ZUR 


3 d ue 
f = - s“ 
n4 © 

at da Jub 


e 


b. 
La 
3 
*» 





as "mw NET P 


CONTENTS CONTINUED 


The Electroencephalogram in Alzheimer-Type Dementia: 
A Sequential Study Correlating the Electroencephalogram With 
Psychometric and Quantitative Pathologic Data 
Alex Rae-Grant, MD; Warren Blume, MD; Catherine Lau, BScN; 
Vladimir C. Hachinski, MD; Michael Fisman, MB; 


FIEL MOSKO: DM. EONGON, EMBED 2sus.sieessolohaprepuacauscusaznosapas2cFndipxAnMy abro spana eaae 50 
Systemic a-Interferon in Multiple Sclerosis: Long-term Patient Follow-up 
HEN GO Din MEC TENT SARA E EES PEIEE A AAE Elbe uas E S abes SF easy S» 61 


The Acquired Immunodeficiency Syndrome Dementia Complex as the Presenting 
or Sole Manifestation of Human Immunodeficiency Virus Infection 
Bradford A. Navia, MD, Richard W. Price, MD, New York ..........s.....s.ssssoessecsssescessecssosese 65 


Relationship Between Lesion Extent in 'Wernicke's Area' 
on Computed Tomographic Scan and Predicting Recovery 
of Comprehension in Wernicke's Aphasia 
Margaret A. Naeser, PhD; Nancy Helm-Estabrooks, ScD; Gale Haas, MA; 
Sanford Auerbach, MD; Malukote Srinivasan, MD, Boston .............sssseee 73 


Can Embolic Stroke Be Diagnosed on the Basis of Neurologic Clinical Criteria? 
Manuel Ramirez-Lassepas, MD, St Paul, Minn; 
Robert J. Cipolle, PharmD, Minneapolis; Randall J. Bjork, MD; 
Jeffrey Kowitz, MD; Bruce D. Snyder, MD; Jan C. Weber, MD; 
"odas UR uc M ES RV o s, Mie E EA EE EAEE E a AE 87 


Benefits of Rehabilitation for Traumatic Spinal Cord Injury: 
Multivariate Analysis in 711 Patients 
Gary M. Yarkony, MD; Elliot J. Roth, MD; Allen W. Heinemann, PhD; 
Yeongchi Wu, MD; Richard T. Katz, MD; Linda Lovell, Chicago ............cccccccccceeeeeeneeeees 93 


Late-Convalescent Poliomyelitis: Corticospinal Tract Integrity 
IM NM rU MD. a ORI TETE A AE EEE desse nsosune uito n tansnéashdAsinas en E TE A = E. 98 


Hepatic Ultrastructural Changes and Liver Dysfunction 
in Amyotrophic Lateral Sclerosis 
Yoshizumi Nakano, MD; Keizo Hirayama, MD; 
na ed MU C GS" Qu ee a ee en ne Se 103 


Predictability of Phenotype in Huntington’s Disease 
Lindsay A. Farrer, PhD, P. Michael Conneally, PhD .............sccccccsceccsccsscsceccesescccepssseosees 109 


CONTROVERSIES IN NEUROLOGY 


Antifibrinolytics in Aneurysmal Subarachnoid Hemorrhage: 
Do They Have a Role? Maybe 


IEEE UE ND DUE NE 5h is sosina ciin iaaio i ii ia as osi i 114 
Antifibrinolytics in Subarachnoid Hemorrhage: Do They Have a Role? No 

Bryce Weir, MDCM, MSC, FRCS(C), Edmonton, Alberta .................. eee 116 
Antifibrinolytics in Subarachnoid Hemorrhage 

Vladimir C. Hachinski, MD, FRCP(C), London, Ontario ...........esseee eene 118 
BEEMNUCDNONB PORAUTIPIE eua enoi oannes ib a a nisin ass c ERIS AES 17 
BEL eo. ae s | Sere an ce ae a ee ee tos a oe eens 120 





SUBSCRIPTION RATES—The subscription rates for the ARCHIVES OF NEUROLOGY are as follows: for 
members of the AMA, $1.50 included in the annual membership dues; for nonmembers, $40 for one year, $72 
for two years in the United States and US possessions; all other countries, one year, $50; two years, $92 (add 
$10 surcharge to each one-year subscription, $20 for two years for air delivery to the United Kingdom and 
Europe only). Special yearly rates to residents and medical students in the United States and US 
possessions, one year, $20; two years, $36. Rates for subscriptions for delivery to Bangladesh, India, Japan, 
Nepal, South Korea, and Sri Lanka are available through respective exclusive agents. Address all subscription 
communications to the American Medical Association, Circulation and Fulfillment Division, 535 N Dearborn St, 
Chicago, IL 60610. Phone: (312) 280-7154. 


CHANGE OF ADDRESS—POSTMASTER, send all address changes to Caryl L. Wertheimer, Director of 
Fulfillment, 535 N Dearborn St, Chicago, IL 60610. Notification of address change must be made at least six 
weeks in advance, include both old and new addresses, a recent mailing label, and your zip code. 


ADVERTISING OFFICES: Eastern: 600 Third Ave, Suite 700, New York, NY 10016 (Manager: Robert C. 
Corcoran [212-867-6640]; Representative: Phillip B. Altamore); Midwest /Farwest: 535 N Dearborn St, 
Chicago, IL 60610 (Manager: Thomas J. Carroll [312-280-7 182]; Representatives: John P. Cahill, Midwest; 
Daniel T. Mjólsness, Farwest) 


ADVERTISING PRINCIPLES: Each advertisement in this issue has been reviewed and complies with the 
principles governing advertising in AMA scientific publications. A copy of these principles is available on 
request. The appearance of advertising in AMA publications is not an AMA guarantee or endorsement of the 
product or the claims made for the product by the manufacturer. 


The ARCHIVES OF NEU- 
ROLOGY is a member of tt 
consortium of AMA 
listed below. The Archiv 
reaches more than 19, 
readers in 85 countries 
month. The complete text of 
AMA journals is available 
the MEDIS data base fror 
Mead Data Central, Dayton, 
Ohio. 


JAMA Wisc? ascot 
AJDC diseases of Cnicren 
Dersaatilagy 
General Paychiatty 
Internal Medicine 
Nenvolozy 
Ophüialmolozy 
Olalacraeolony-Heaal 
& Neck Surgery 


archives of 


Pathology 
& Laboratory Medicine 


archives of 


Surgery / 











PUBLICATION STAFF 
535 N Dearborn St 
Chicago, IL 60610 


Gabriela Radulescu, Managing Editor and Direct 
Specialty Journal Departmen: 


Michael D. Springer, Associate Editor 
Marlene M. Hinsch, Production Manager 

John R. Sayban, Assistant Production Manager 
Cheryl Iverson, Editorial Processing Manager 


Paula Glitman, Assistant Editorial Processi 
Manager 


Dennis J. Shipley, Permissions and Graphic Des 
Manager 


Staff Assistants: Diane Darnell, Bonnie 
Cleven 

Copy Editing: Edward Jyvaskyla (Supervisc 
Vickey Golden (Free-lance Coordinator), Dee 
Egger, Donald N. La Petina, Kathy Louden, ET 
Mott-Rabinovitz 


Production Supervisors: Betty Frigerio (Advert 
ing), Thomas J. Hancrigan (Illustrations), Elizabe- 
Petrikenas (Proofreading), Mary C. Steermann (Ed 
torial), JoAnne Weiskopf (Layout) 


Proofreading: Lisette Sabtach, Barbara Wojtowic 


Art and Senior Production Assistants: Kare 
Branham, Donna Hagler, Jerri Hall-Gortowski, Sali 
Hoyt, Debra Lucas, Terese Noto, Dorothy Pattersow 
Mary C. Planek-Vanco, Susan Price, Deirdre Ritte 
house, Jill Stein, Sandra W lliams, Ellen Yoshihara 


Production Assistants: Darlene E. Filips, Anit 
Jackson 


Editorial Assistant: Jean Schaffner 


Indexing: Norman Franke: (Supervisor), Hermes 
Bryant, Mary Kay Tinerella 


Thomas J. Carroll, Director, Department c 
Promotion 

Raymond Christian, Director, Advertisir 
Services Departmen: 


For the Leading Edge in 





Electrophysiologic Technology, 


Its the Nicolet Pathfinder! 


The Nicolet Pathfinder is the 
premier elect-ophvsiologic 
testing. monisoring and 
analyses system for the OR/ 
ICU, I2borato-y and clinic. It 
provides unecualled power, 
flexibility and adaptability to 
enhanee patient testing. That 
gives you the edge whena 
patient 5 symptoms are subtle 
anc you need zhat extra flexi- 
bility im testing to make a 
complete diagnosis. 

The Nicetet Path ainder features: 

lil Maltipe pathway mon-toring 


simultaneously 
ll EEG and evokec potential testing 


E Centinzous 32 channel EEG acquisition 


Bl Cognitive testing 

E Topogmphic Mapping 

Bl ENG reeording md analysis 
Bl And mach, muca more! 


The Nicolet Pathfinder is 
easily configured to your re- 
quirements so that you have 
flexible quality acquisition, a 
multitude of data manipula- 
tion techniques and a profes- 
sional, high-quality presenta- 
tion of the results. Over 600 
Nicolet Pathfinders are in use 
today. Let us show you how 
this cost-effective system can 
also benefit you. 


Nicolet’s comprehensive 
training and support for the 
Nicolet Pathfinder can give 
you the leading edge in elec- 
trophysiologic testing. For 
more information on the 
Nicolet Pathfinder or to 


schedule a demonstration at 
your facility, call Toll Free 
1-800-356-0007 in the con- 
tinental USA. In Wisconsin 
call collect. 





Nicolet Biomedical Instruments 


5225-4 Verona Road, Madison, WI. USA 
53711, 608/271-3333, TWX91@-286-2711. 
Sales and Service Offices Worlc wide, 
Subsidiary Offices: Canada, France, 
Germany, Japan, Mexico, The Metherlands 
and United Kingdom. 





zz Nicolet 


Electrophysiology 
Yesterday, Today. Tomorrou 
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Calendar 





1987 
Jan 16-17 


17-19 


18-24 


24-25 


28-30 


29-31 


29-31 


Feb 11-13 


14 


18-19 


19-21 


22-25 


23-25 


26-28 


24-25 


25-27 


28 


28-March 2 


CALENDAR OF MEETINGS 


Fourth Meeting on Alzheimer's Disease, The International Study Group on the Pharmacology of 
Memory Disorders Associated With Aging, Zurich. Contact Professor Richard J. Wurtmar, Bldg 
E25-064, Whitaker College, Massachusetts Institute of Technology, Cambridge, MA 02139; (617) 
253-6731. 

"Elderly Patient's Medical, Psychiatric, and Neurological llinesses,'' Killington, Vt. Contact Office 
of Continuing Medical Education, Montefiore Medical Center, 111 E 210th St, Bronx, NY 10467; 
(212) 920-6676. 

14th Annual Meeting of the Southern Clinical Neurological Society ‘“‘Advances in Neurology,” 
Fiesta American Sol Caribe Hotel, Cozumel, Mexico. Contact Millie F. Walden, 3425 SW Second 
Ave, Suite 153, Gainesville, FL 32607; (904) 374-6058 or (904) 373-9765. 

“Thermography in Neuromusculoskeletal Disorders," Department of Rehabilitative Medicine, 
Mount Sinai School of Medicine, City University of New York. Contact Andrew A. Fischer, MD, PhD, 
17 Wooley Lane E, Great Neck, NY 11021; (516) 829-9469. 

"Neurology for Nonneurologists,’’ Holiday Inn, Embarcadero, San Diego. Contact Edith Bookste:n / 
Neurology for Nonneurologists Foundation, PO Box 2586, La Jolla, CA 92038; (619) 454- 
3212. 

Headache: Theory, Diagnosis, Psychological Aspects, and Therapy, Marriott's Camelback Inn, 
Scottsdale, Ariz. Contact American Association for the Study of Headache, PO Box 25152 
Chicago, IL 60625; (312) 878-8977. 

Joint Meeting of the Southern Electroencephalography Society and Western Electraencephalog- 
raphy Society, Palaci Del Rio, San Antonio, Tex. Contact Wanda P. Cox, 635 S Ricge Dr, 
Lexington, KY 40505. 

20th Annual Recent Advances in Neurology, University of California, at San Francisco; (415) 
476-4251. 

Integrating Theory and Practice in Clinical Neuropsychology: ''Aphasia,'' Institute for Research in 
Behavioral Neuroscience and Graduate Center, City University of New York. Contact Ellen 
Perecman, Department of Neurology, New York University Medical Center, 550 First Ave, New 
York, NY 10016; (212) 340-6284. 

Regional Symposium on Evoked Potentials, International Federation of Clinical Neurophysiology, 
Bangkok, Thailand, Royal Orchid Sheraton Hotel. Contact Dr Prasert Boongird, Ramathibodi 
Hospital, Rama VI Rd, Bangkok 10400, Thailand. 

A Symposium in Celebration of the 25th Anniversary of the Bascom Palmer Eye Institute, 
Fontainebleau-Hilton Hotel, Miami Beach, Fla. Contact Continuing Education in Ophthalmology Inc, 
PO Box 610326, Miami, FL 33261-0236; (305) 326-6099. 

First Annual Barrow Neurological Institute Magnetic Resonance Imaging Conference, Marriott’s 
Mountain Shadows Resort, Scottsdale, Ariz. Contact Toby Jardine, 350 W Thomas Rd, Phoenix, 
AZ 85013; (602) 285-3178 or 800-BARROW 1 

"Diagnostic Ultrasound in Neurology, Neuropediatrics, Neurosurgery, and Vascular Surgery,” The 
Hyatt Regency, Tampa, Fla. Contact Carlita M. Kearney, Office of Continuing Education, The 
Johns Hopkins Medical Institute, Room 22 Turner, 720 Rutland Ave, Baltimore, MD 21205; (S01) 
955-3168. 

14th Annual Symposium, Barrow Neurological Institute, ‘‘Neurology and Neurosurgery of the 
Aging,” Marriott's Mountain Shadows Resort, Scottsdale, Ariz. 

Third Annual Update in Neuro-Oncology '87, Division of Neuro-Oncology, University cf South 
Florida College of Medicine, Tradewind Hotel, St Petersburg Beach, Fla. Contact Surasak 
Phuphich, MD, 12901 N 30th St, Box 69, Tampa, FL 33612; (813) 974-3771 or 974-2794. 
Third Annual Conference on Neurotrauma, Westin Galleria Hotel, Houston. Contact Susan F. 
Wilson, RN, PhD, The University of Texas Medical School, Division of Neurosurgery. 6431 Fannin 
St, Suite 7154, Houston, TX 77030; (713) 792-5776. 

Integrating Theory and Practice in Clinical Neuropsychology ‘‘The Neuropsychology of Emotion.” 
Contact Ellen Perecman, Department of Neurology, New York University Medical Center, 550 First 
Ave, New York, NY 10016; (212) 340-6284. 

Tenth Annual Meeting of the American Society of Neuroimaging (Seriatim With Stroke Council 
Meeting, American Heart Association) Hyatt Regency Hotel, Tampa, Fla. Contact Leon D. 
Prockop, MD, 12901 N 30th St, Box 55 Tampa, FL 33612; (813) 974-2794 or Lawrence Jacobs, 
MD, Dent Neurological Institute. Millard Fillmore Hospital, 3 Gates Circle, Buffalo, NY 14209; (7 16) 
886-3467. 
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TEGRETOL 





EASY TO TAKE, EASY TO BREAK, HARD TO MISTAKE 


NEW COLOR NEW SHAPE NEW DISTINCTIVE APPEARANCE 





.. because there's no substitute for experience 


TEGRETOL is indicated for children 6 years and pages. Because of the potential for adverse reactions, 
oiderwhose-seizures cre difficult to control or who itis important that you become thoroughly familiar 

L/ are experiencing marked side effects from other with the full Prescribing Information for TEGRETOL, 

a entiepileptic:drugs. especially the boxed warning concerning blood abnor- 


“leas consult Prescribing Information on following malities and the necessity for repeated blood counts. 
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Tegretol 
carbamazepine USP 


...because after seizure control, 
theres a lot of living to do! 


Tegretol* 
carbamazepine USP 
Chewable Tablets of 100 mg—red-speckled, pink Tablets of 200 mg— pink 


WARNING 

SERIOUS AND SOMETIMES FATAL ABNORMALITIES OF BLOOD CELLS 
(APLASTIC ANEMIA, AGRANULOCYTOSIS, THROMBOCYTOPENIA, AND 
LEUKOPENIA) HAVE BEEN REPORTED FOLLOWING TREATMENT WITH 
TEGRETOL, CARBAMAZEPINE. 

EARLY DETECTION OF HEMATOLOGIC CHANGE IS IMPORTANT SINCE. IN 
SOME PATIENTS, APLASTIC ANEMIA IS REVERSIBLE. 

COMPLETE PRETREATMENT BLOOD COUNTS. INCLUDING PLATELET 
AND POSSIBLY RETICULOCYTE AND SERUM IRON, SHOULD BE OB- 
TAINED. ANY SIGNIFICANT ABNORMALITIES SHOULD RULE OUT USE OF 
THE DRUG. THESE SAME TESTS SHOULD BE REPEATED AT FREQUENT 
INTERVALS, POSSIBLY WEEKLY, DURING THE FIRST THREE MONTHS OF 
THERAPY AND MONTHLY THEREAFTER FOR AT LEAST TWO TO THREE 
YEARS. THE DRUG SHOULD BE STOPPED IF ANY EVIDENCE OF BONE 
MARROW DEPRESSION DEVELOPS. 

PATIENTS SHOULD BE MADE AWARE OF THE EARLY TOXIC SIGNS AND 
SYMPTOMS OF A POTENTIAL HEMATOLOGIC PROBLEM, SUCH AS FEVER, 
SORE THROAT, ULCERS IN THE MOUTH. EASY BRUISING, PETECHIAL OR 
PURPURIC HEMORRHAGE. AND SHOULD BE ADVISED TO DISCONTINUE 
THE DRUG AND TO REPORT TO THE PHYSICIAN IMMEDIATELY IF AN Y 
SUCH SIGNS OR SYMPTOMS APPEAR. 





This drug is not a simple analgesic and should not be used for the relief of 
trivial aches or pains. Treatment of epilepsy should be restricted to those 
classifications listed under ‘INDICATIONS AND USAGE." 

Before prescribing Tegretol, the physician should be thoroughly familiar 
with the details of this prescribing information, particularly regarding use 
with other drugs, especially those which accentuate toxicity potential. 
DESCRIPTION 
Tegretol, carbamazepine USP. is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral 
administration. Its chemical name is 5H-dibenz[b.fJazepine-5-carboxamide, and its 


structural formula is: 


| 
CONH; 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
soluble in alcohol and in acetone. Its molecular weight is 236.27. 

Inactive Ingredients. Colloidal silicon dioxide, FD&C Red No. 3 (chewable tablets only), 
FD&C Red No. 40 (200 mg tablet only), flavoring (chewable tablets only), gelatin, glycer- 
in, magnesium stearate, sodium starch glycolate (chewable tablets only), starch, stearic 
acid, and sucrose (chewable tablets only). 

CLINICAL PHARMACOLOGY 

In controlled clinical trials, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia. 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation. Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential 
and bulbar and polysynaptic reflexes, including the linguomandibular reflex in cats 
Tegretol is chemically unrelated to other anticonvulsants or other drugs used to control 
the pain of trigeminal neuralgia. The mechanism of action remains unknown. 

Tegretol tablets are adequately absorbed after oral administration at a slower rate 
than a solution, thus avoiding undesirably high peak concentrations. Tegretol in blood is 
76% bound to plasma proteins. Plasma levels of Tegretol are variable and may range 
from 0.5-25 ug/ml, with no apparent relationship to the daily intake of the drug. Usual 
adult therapeutic levels are between 4 and 12 ug/ml. Following oral administration, 
serum levels peak at 4 to 5 hours. The CSF serum ratio is 0.22, similar to the 22% 
unbound Tegretol in serum. Because Tegretol may induce its own metabolism. the 
half-life is also variable. Initial half-life values range from 25-65 hours, with 12-17 hours 
on repeated doses. Tegretol is metabolized in the liver. After oral administration of 
'4C-carbamazepine, 72% of the administered radioactivity was found in the urine and 
28% in the feces. This urinary radioactivity was composed largely of hydroxylated and 
conjugated metabolites, with only 3% of unchanged Tegretol. Transplacental passage of 
Tegretol is rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues, with 
higher levels found in liver and kidney than in brain and lungs. 

INDICATIONS AND USAGE 

Epilepsy: Tegretol is indicated for the following conditions in patients who have not 
responded satisfactorily to treatment with other agents such as phenytoin, phenobar- 
bital, or primidone: 

1. Partial seizures with complex symptomatology (psychomotor, temporal lobe). Pa- 
tients with these seizures appear to show greater improvement than those with other 
types. 


2. Generalized tonic-clonic seizures (grand mal). 
3. Mixed seizure patterns which include the above, or other partial or generalizec 
seizures. 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see 
PRECAUTIONS General). 

Because of the necessity for frequent laboratory evaluation for potentially serious side 
effects, Tegretol is not recommended as the drug of first choice in seizure disorders. It 
should be reserved for patients whose seizures are difficult to contro! or patients experi- 
encing marked side effects (e.g.. excessive sedation). 

Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associa:ed 
with true trigeminal neuralgia. 

Beneficial results have also been reported in glossopharyngeal neuralcia 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bore marrow depres- 
sion, hypersensitivity to the drug, or known sensitivity to any of the tricyclic compounds, 
such as amitriptyline, desipramine, imipramine, protriptyline, nortriptyline. etc. Likewise, 
on theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol, MAO inhibitors should be discontinued tor a minimum 
of fourteen days, or longer if the clinical situation permits. 

WARNINGS 
The drug should be discontinued if evidence of significant bone marrow depression 
occurs, as follows: 


1) Erythrocytes less than 4,000,000/cu mm 


Hematocrit less than 32% 
Hemoglobin less than 11 gm/100 mi 
2) Leukocytes less than 4000/cu mm 
3) Platelets less than 100,000/cu mm 


4) Reticulocytes less than 0.3% (20,000/cu mm) 
5) Serum iron greater than 150 »g/100 ml 

Patients with a history of adverse hematologic reaction to any drug may be par'icu- 
'arly at risk. 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell's syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegretol. These reactions 
nave been extremely rare. However, a few fatalities have been reported. 

Tegretol has shown mild anticholinergic activity: therefore, patients with increased 
intraocular pressure should be closely observed during therapy. 

Because of the relationship of the drug to other tricyclic compounds, the possibility of 
activation of a latent psychosis and, in elderly patients, of confusion er agitation should 
be borne in mind. 

PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination should 
be made. 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associ- 
ated with increased frequency of generalized convulsions (see INDICATIONS AND 
USAGE). 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients 
with a history of cardiac, hepatic or renal damage, adverse hematolagic reaction to 
other drugs. or interrupted courses of therapy with Tegretol. 
information for Patients: Since dizziness and drowsiness may occur, pat ents should 
be cautioned about the hazards of operating machinery or automobiles or engaging in 
other potentially dangerous tasks. 

Laboratory Tests: Complete pretreatment blood counts, including platelets anc pos- 
sibly reticulocytes and serum iron, shoulc be obtained. Any significant abnormalities 
should rule out use of the drug. These same tests should be repeated at frequent 
intervals, possibly weekly, during the first three months of therapy and monthly there- 
after for at least two to three years. 

Baseline and periodic evaluations of liver function, particularly in patients with a 
history of liver disease, must be performed during treatment with this drug since |. ver 
damage may occur. The drug should be discontinued immediately in cases of aggra- 
vated liver dysfunction or active liver disease. 

Baseline and periodic eye examinations, including slit-lamp. funduscopy and tonom- 
etry, are recommended since many phenothiazines and related drugs have been shown 
to cause eye changes. 

Baseline and periodic complete urinalysis and BUN determinations are recom- 
mended for patients treated with this agent because of observed renal dysfunction. 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the 
efficacy and safety of anticonvulsants. This monitoring may be particularly useful in 
cases of dramatic increase in seizure frequency and for verification of compl ance. In 
addition, measurement of drug serum levels may aid in determining the cause of toxicity 
when more than one medication is being used. 

Thyroid function tests have been reported to show decreased values with Tegretol ad- 
ministered alone. 

Drug Interactions: The simultaneous administration of phenobarbital, phenytoin, or 
primidone, or a combination of two, produces a marked lowering of serum levels of 
Tegretol. 

The half-lives of phenytoin, warfarin, doxycycline, and theophylline were significantly 
shortened when administered concurrently with Tegretol. Haloperidc! serum levels may 
be reduced when the drug is administered with Tegretol. The doses of these drugs may 
therefore have to be increased when Tegretol is added to the therapeutic regime. 

Concomitant administration of Tegretol with erythromycin, cimetidine, propoxyphene. 
tsoniazid or calcium channel blockers has been reported to result in elevated plasma 
levels of carbamazepine resulting in toxicity in some cases. Also, concomitant acminis- 
tration of carbamazepine and lithium may increase the risk of neurotexic side effects. 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications. 

Breakthrough bleeding has been reported among patients receivirg concomitant oral 

contraceptives and their reliability may be adversely affected. 
Carcinogenicity, Mutagenesis, Impairment of Fertility: Carbamazepine, when 
administered to Sprague-Dawley rats for two years in the diet at doses of 25 75, and 
250 mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular 
tumors in females and of benign interstitial cell adenomas in the testes of mēles. 

Carbamazepine must, therefore, be considered to be carcinogenic in Sprague- 
Dawley rats. Bacterial and mammalian mutagenicity studies using carbamazepir e 
produced negative results. The significance of these findings relative:to the tse of 
carbamazepine in humans is, at present, unknown. 

Pregnancy Category C: Tegretol has been shown to have adverse-effects in repro- 
duction studies in rats when given orally in dosages 10-25 times the maximum human 
daily dosage of 1200 mg. In rat teratology studies, 2 of 135 offspring showed kinked ribs 
at 250 mg/kg and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate. 
^; talipes, 1; anophthalmos, 2). In reproduction studies in rats. nursing offspring demon- 
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Tegretol™ carbamazepine U3P 


strated & ack ohweight gain anc an unkempt appearance at a maternal dosage level of 
200 mg/h 

There æ no adequate and well-controlled studies in pregnant women. Tegretol 
should be usec dunng precnancy only if the potential benefit justifies the potential risk to 
the fetus 

"iS immertact to note that anticonvulsant drugs should not be discontinued in patients 
in whom 2 drug is administered to prevent major seizures because of the strong pos- 
sibility of—»ecicitating status epiepticus with attendant hypoxia and threat to life. In 
inGwidua- sases where the severity and frequency of the seizure disorder are such that 
removal aimeocication does rot »ose a serious threat to the patient, discontinuation of 
the:drug =ay be considered pricr to and during pregnancy, although it cannot be said 
with any confi@ence that ever manor seizures do not pose some hazard to the develop- 
ingembra or *stus. 

Labor ami Delivery: The effec: of Tegretol on human labor and delivery is unknown. 
Nursingiotiters: During lactation, concentration of Tegretol in milk is approximately 
60% of th=maternal plasma corcentration. 

Because of "he potential ‘or serious adverse reactions in nursing infants from carba- 
mazepine a decision shouid be made whether to discontinue nursing or to discontinue 
thedrug, akinqunto account !ne-importance cf the drug to the mother. 

Pediatric Jse- Safety and effectiveness in children below the age of 6 years have not 
been established. 

ADVERSE REACTIONS 

If adverse -»achons are of such severity that the drug must be discontinued. the phy- 
sician musi besware that abrup: discontinuation of any anticonvulsant drug in a 
responsivesepiieptic patient may lead to seizures or even status epilepticus with its 
life-threat=aing hazards. 

The mes: severe adverse reactions have been observed in the hemopoietic system 
(see boxes: WARNING), the skin and the cardiovascular system. 

The me: freguently observed adverse reactions. particularly during the initial phases 
of therapy are dizziness, drowsimess, unsteaciness, nausea, and vomiting. To mini- 
mize the csssibility of such reactions, therapy should be initiated at the low dosage 
recommended 

The foltcwing additional adverse reactions have been reported: 

Hemopow"c System: Aplastic anemia, agranulocytosis, thrombocytopenia, leukope- 
nia leukccytosss. eosinophilia. 

Skin: Pruec and erythematous ashes. urticaria. toxic epidermal necrolysis (Lyell's 
syndrome? se= WARNINGS). Stevens-Johnson syndrome (see WARNINGS), photo- 
sensitivity sachons, alleratoms n skin pigmentation, exfoliative dermatitis, erythema 
mitiformeasne nodosum, purpu-a, aggravation of disseminated lupus erythematosus, 
alopecia «60 aphoresis. in certain cases, discontinuation of therapy may be 


neceessar« 
Cardiovascular System: Congestive heart failure. edema, aggravation of hypertension. 
hypotensen, syncope and collapse, aggravation of coronary artery disease. arrhyth- 
mias and black. primary thrombophlebitis, recurrence of thrombophlebitis, and 
adenopa'7 or*ymphadenapath». 

Some ef these cardiovascuiar complications have resulted in fatalities. Myocardial 
inferction—as been associated with other tricyclic compounds. 

Liver: Aber ma ities in liver functon tests, cholestatic and hepatocellular jaundice, 
hepatitis. 

Respiratery System: Pulmonary hypersensitivity characterized by fever. dyspnea, 
pneumorn'£s or2neumonia 

Genitounsery System: Urinary frequency, acute urinary retention, oliguria with elevated 
bloed pressure azotemia, renal failure. and impotence. Albuminuria. glycosuria, ele- 
vated BUSsane@rmcroscopic depesits in the urine have also been reported. 

Testicus- atrophy occurredin tats receiving Tegretol orally from 4 to 52 weeks at dos- 
age levels 3f 56 to 400 mg/kgrday. Additionally, rats receiving Tegretol in the diet for two 
years at Œsag®levels of 25, 75, and 250 mg/kg/day had a dose-related incidence of 
testcular @ropmy and aspemmatcgenesis. In dogs, it produced a brownish discoloration, 
presumat a metabolite, in the urinary b'adder at dosage levels of 50 mg/kg and 
higher. Re-svarze of these findings to humans is unknown. 

Nervous - «stem: Dizziness. drowsiness, disturbances of coordination, confusion, 
headache taue, blurred vision. visual hallucinations, transient diplopia, oculomotor 
disturbaness, nystagmus, soeeca disturbances. abnormal involuntary movements, 
pempher@ eus and paresthesias, depression with agitation, talkativeness. tinnitus, 
anchypesgcusss 

There =e been reports of associated paralysis and other symptoms of cerebral arte- 
rial suffeenc, Du! the exactrelationship of these reactions to the drug has not been 
estabiishex 
Digestive System: Nausea, vometing, gastric distress and abdominal pain, diarrhea. 
‘constipatiem, anorexia, and dryness of the mouth and pharynx, including glossitis and 
stomatitis 
Eyes: Scam@red_ punctate, cortical lens opacities, as well as conjunctivitis have been 
reperted. atthough a direct causal relationship has not been established, many pheno- 
thiazines end re:xated drugs nave been shown to cause eye changes. 

Musculos-sletai System: Achmg joints and muscles, and leg cramps. 

Metabolise Fever and chills. inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has seen reported. 

DRUG ASISE AND DEPENDENCE 

No eviderze ofabuse potential has been associated with Tegretol, nor is there evidence 
of psychoxgice! or physical dependence in humans. 

OVERDOSAGE 

Acute Tozcitv 

Lowest known lethal dose: adults. >60 g (39-year-old man). Highest known doses 
survived: Sults. 30 g (31-year-old woman); children. 10 g (6-year-old boy); small chil- 
dren, 5 g (Syearold girl). 

Oral LO in animals (mg/kg): mice, 1100-3750; rats, 3850-4025; rabbits, 1500-2680; 
guinea pige- 925. 

Signs and Symptoms 

Thetirst sans end symptoms appear after 1-3 hours. Neuromuscular disturbances are 
the most pramiment. Cardiovascusar disorders are generally milder, and severe cardiac 
complicatians accuronly when very high doses (>60 g) have been ingested. 
Respiratio” Irmegular breathing, sespiratory depression. 

Cardiovascular System: Tachycardia, hypotension or hypertension, shock, conduction 
disorders 

Nervous Susterand Muscles: Inpairment of consciousness ranging in severity to 
dees coma "Convulsions, especially in small children. Motor restlessness, muscular 
twitehing, ®emcor athetoid movements, opisthotonos, ataxia, drowsiness, dizziness, my- 
dnasis, nystagmus, adiadocnokiresia, ballism. psychomotor disturbances, dysmetria. 
initial hypemeflexia, followed by hyporeflexia. 

Gasrointesanai Tract: Nausea. vomiting. 

Kidmeys am Bledder: Anuria or oliguria, urinary retention. 


Laboratory Findings: Isolated instances of overdosag2 have included ieukocytosis, 
reduced leukocyte count, glycosuria and acetonuria. EEG may show dvsrhythmias. 
Combined Poisoning: When alcohol, tricyclic antidepressants, barbiturates or hydan- 
toins are taken at the same time, the signs and symptoms of acute poisoning with 
Tegretol may be aggravated or modified. 

Treatment 

The prognosis in cases of severe poisoning is critically dependent upor prompt elimina- 
tion of the drug, which may be achieved by inducing vomiting, irrigating the stomach. 
and by taking appropriate steps to diminish absorptior. If these measures cannot be 
implemented without risk on the spot, the patient shouid be transferred at once to a hos- 
pital, while ensuring that vital functions are safeguarded. There is no specific antidote. 
Elimination of the Drug: Induction of vomiting. 

Gastric lavage. Even when more than 4 hours have 2lapsed followinc ingestion of the 
drug, the stomach should be repeatedly irrigated, especially if the patient has also con- 
sumed alcohol. 

Measures to Reduce Absorption: Activated charcoal. laxatives. 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with renal failure. Replace- 
ment transfusion is indicated in severe poisoning in srrall children. 

Respiratory Depression: Keep the airways free; resort. if necessary, to 2ndotracheal 
intubation, artificial respiration, and administration of oxygen. ^ 
Hypotension, Shock: Keep the patients legs raised and administer a plasma expander. 
If blood pressure fails to rise despite measures taken to increase plasma volume, use of 
vasoactive substances should be considered. 

Convulsions: Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension, and coma. However, barbiturates should not be used if drugs 
that inhibit monoamine oxidase have also been taken by the patient either in overdos- 
age or in recent therapy (within one week). 

Surveillance: Respiration, cardiac function (ECG monitoring), blood pressure. body 
temperature. pupillary reflexes. and kidney and bladder function shoulc be monitored 
for several days. 

Treatment of Blood Count Abnormalities: \f evidence of bore marrow depression de- 
velops, the following recommendations are suggested: (1) stop the drug. (2) perform 
daily CBC, platelet and reticulocyte counts. (3) do a bone marrow aspiration and tre- 
phine biopsy immediately and repeat with sufficient frequency to moniter recovery. 

Special periodic studies might be helpful as follows: 11) white cell and platelet anti- 
bodies, (2) *95Fe—ferrokinetic studies, (3) peripheral blood cell typing. (4) cytogenetic 
studies on marrow and peripheral blood. (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for A; and F hemoglobin, and (7) serum 
folic acid and B,; levels 
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therapy. for which specialized consultation should be sought. 
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Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS Laboratory Tests). Dosage should be adjusted to the needs of the 
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mum effective level. Tablets should be taken with meals. 
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When added to existing anticonvulsant therapy. the drug should be added gradually 
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toin, which may have to be increased (see PRECAUTIONS Drug Interactions). 
Trigeminal Neuralgia (see INDICATIONS AND USAGE’. i 

Initial: 100 mg b.i.d. on the first day for a total daily dos? of 200 mg. This daily dose may 
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needed to achieve freedom from pain. Do not exceed 1200 mg daily. 

Maintenance: Control of pain can be maintained in most patients with 400 mg to 

800 mg daily. However, some patients may be maintained 0 as little as 200 mg daily, 
while others may require as much as 1200 mg daily. At east once every 3 months 
throughout the treatment period, attempts should be made to reduce the dose to the 
minimum effective level or even to discontinue the drug. 
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WORKSHOPS: 
The Workshops will emphasize a series of hands-on exercises, 





utilizing appropriate animal bones, skeletal bones, bioplastics 


and biometals for dissection in the cranium and spine. Methyl- 


methacrylate and biometals as they relate to neurosurgery 


will also be considered. 


The Midas Rex Hands-On Workshops will be held each day 


from 7:00 am to 1:00 pm at the permanent instructional facility, 
115 E. 61st Street (between Park and Lexington). The after- 
noons and evenings are free to enjoy some of the many activi- 
ties that New York has to offer such as: 
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MIDAS REX INSTITUTE 
HANDS-ON WORKSHOPS 


«Modern Dissection Techniques Of Bone, Bioplastics and Biometals" 
Neurosurgical Symposia (NEURO 700) 


SIGHTSEEING—Bronx Zoo, Brooklyn Botanic Garden, Coney 
Island, Empire State Building, New York Aquarium, Staten 
Island Zoo, United Nations. 





ART—American Museum of Natural History, Bronx Museum of 
the Arts, Brooklyn Museum, Solomon R. Guggenheim Museum, 
Metropolitan Museum of Art, Museum of Modern Art. 


MUSIC, DANCE AND THEATER—Carnegie Hall, Lincoln Center, 
Lehman Center for Performing Arts, Metropolitan Opera, and a 
wide variety of Broadway and off Broadway plays in the evenings. 
SPORTS Baseball, football, basketball, hockey, boxing, etc. 
in season. 

ENROLLMENT: 

Send letter and check payable to “New York Symposium.” 
Surgeon—US $965.00; Resident—US $585.00 (with letter from 
Department Head); OR/Tech/Ass't.—US $250.00. Mail to: 


Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 76111 
Phone (800) 433-7639, In Texas: (817) 831-2604 
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Susan Mitchell, Ed.D. 
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WORKSHOPS: The Midas Rex Hands-On Workshop will be held each day from 7:30 am to 1:30 pm. 

The workshop will emphasize a series of hands-on exercises, utilizing appropriate animal bones, 

skeletal bones, bioplastics and biometals for dissection in the cranium and spine. Methylmethacrylate, 

and biometals, as they are related to neurosurgery will also be considered. Distinguished guest lecturers will 
make presentations and video tapes will be available. 


ACCOMMODATIONS: Red Lion's LaPosada Resort Hotel, 4949 E. Lincoln Drive, Scottsdale, Arizona 85253. 


Phone: (602) 952-0420. 


ENROLLMENT: Send letter & check payable to "Phoenix Symposium.” Surgeon-US $965.00; Resident- 
US $585.00 (with letter from Department Head); OR/Tech/Ass't.-US $250.00. Write to: 


Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 761 1 1, 


Phone: (800) 433-7639, In Texas: (817) 831-2604. 
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Orthos:atic Hypotension due to 
Diabetic Autonomic Neuropathy? 
Treatment With Domperidone 


To the Editor. —Orthostatic hypoten- 
sion (_H) during diabetic autonomic 
neuropathy is frequent, treated with 
difficuy, and associated with a high 
death rate Recently, indomethacin 
therapy has been proposed, but it is 
not dewoid of side effects and exposes 
patients who already have a high risk 
of vaseular diseases to clinostatic 
hypertension and coronary vasocon- 
striction.’ Meteclepramide dichlorhy- 
drate taerapy has been used with suc- 
cess ir a case of severe OH after an 
extensive sympathectomy.’ Therapy 
with metoclopramide has frequent 
side e~ects, hewever. Domperidone, 
which antagonizes dopaminergic 
transmission, does not cross the 
blood-srain barriers and, theoretical- 
ly, would be more easily tolerated. 
Therefore. we decided to treat a 
patien- with diabetic OH by domperi- 
done t-erapy. 


Repor of a Case.—In November 1982, 
ketoacidiosis diabetes was discovered in a 
T70-year-»ld- woman with bilateral cataract, 
arthrit:zs in-her lower limbs, and ulceration 
of the soles of her feet. 


She was hospitalized in July 1983 for 
vertigo and falling when she stood up. 
There was diabetic neuropathy (areflexia 
in the Achilles tendon and hypopallesthe- 
sia in the lower limbs) with autonomic 
failure (ie, asympathicotonic OH [Figure]). 
When the patient adopted the upright 
position, she felt faint. Nystagmus was 
seen during right lateral gaze, and devia- 
tion of the fingers to the right during 
Bárány's pointing test was noted. 

Therapy with indomethacin failed, but 
the dose was no more than 50 mg because 
of the patient's arthritis. Therapy with 
domperidone (60 mg/d) was substituted for 
therapy with indomethacin. Seven days 
later, OH decreased, the patient's blood 
pressure dropping only 10 to 30 mm Hg 
when she stood up. Three months later, her 
feelings of faintness as well as the OH 
disappeared (Figure). 


Comment.—The efficacy and good 
tolerance of domperidone therapy in 
this observation has prompted us to 
use this mode of therapy in other 
cases of OH of different origins, such 
as the Shy-Drager syndrome. The 
mechanism of domperidone therapy is 
probably similar to that of metoclo- 
pramide therapy, which seems to 
inhibit the vasodilatator and natri- 
uretic action of dopamine and 
increases plasma levels of aldosterone 


Blood pressure and pulse rate during clinostatism (T—,) and after standing; immediately on 
standing (T. after one minute (T,), after three minutes (T,) and after five minutes (T.). 
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With Domperidone, 60 mg/d 


and free epinephrine.‘ Domperidone, 
as does metoclopramide, blocks the 
dopaminergic peripheral receptors 
but does not pass through the blood- 
brain barrier? and, thus, does not 
expose the patient to the central side 
effects of neuroleptics. 

ALAIN DESTEE, MD 

DIDIER Leys, MD 

BRIGITTE DELISSE, MD 

PIERRE WaROT, MD 

Department of Neurology 

Lille University Hospital 

2, Avenue Oscar Lambret 

F-59037 Lille Cedex, France 
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Exercise-Related Middle Cerebral 
Artery Territory Stroke 


To the Editor.—Dissection of the 
internal carotid artery may occur as 
the result of relatively trivial trauma, 
usually in the setting of sports activi- 
ty.' It is estimated that 41% of Amer- 
ican adults exercise regularly outside 
of work,’ yet carotid artery dissection 
accounts for less than 1% of all cere- 
brovascular disease,'? suggesting that 
this is a rare or underreported prob- 
lem. 

We have recently seen two cases of 
internal carotid dissection resulting 
in stroke in the middle cerebral artery 
territory, shortly after two different, 
commonly used, simple exercise pro- 
grams. 


Report of Cases.—CASE 1.—A 23-year- 
old right-handed woman, who had a histo- 
ry of common migraine headaches since 
the age of 13 years, suddenly developed 
severe right-sided headache and left-sided 
weakness while performing aerobic exer- 
cises in response to a popular exercise 
record. She had begun the exercise routine 
with the usual “warm-up” of flexion, 
hyperextension, and rotation of the neck 
and extremities. Neurologic examination 
confirmed mild left-sided hemiparesis that 
resolved after a few hours. She was diag- 
nosed as having complicated migraine and 
was discharged after 24 hours of observa- 
tion. She returned to the hospital 12 hours 
later with left-sided hemiplegia, headache, 
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and photophobia. There was no history of 
oral contraceptive use or heart murmur. 

Blood pressure was normal. Left-sided 
hemiplegia with neglect, and left visual 
and tactile extinction were present. Com- 
puted tomography of the head revealed 
extensive right frontoparietal infarction. 
Carotid arteriography demonstrated 
marked narrowing of the right internal 
carotid artery, 1.5 cm distal to the carotid 
bifurcation. Few branches of the right 
middle cerebral artery were filled. Echo- 
cardiogram showed mitral valve prolapse 
and minimal mitral regurgitation. Results 
of the following laboratory tests disclosed 
normal values: complete blood cell count, 
platelet count, coagulation parameters, 
serum protein electrophoresis, immuno- 
electrophoresis, serum complement fac- 
tors, and serum chemistries. Rheumatoid 
factor was absent. Erythrocyte sedimenta- 
tion rate was 12 mm/h. 

The patient’s condition improved moder- 
ately and she achieved independent ambu- 
lation after two months. 

CasE 2.—A 49-year-old right-handed 
man in previously excellent health devel- 
oped right-sided dysesthesias while exer- 
cising on a nautilus machine. He had been 
performing nonvigorous weight-lifting and 
strengthening his neck by rotating against 
resistance. The dysesthesias resolved when 
he discontinued exercise, but recurred in 
an episodic fashion until eight hours later, 
when he developed right-sided weakness 
and speech difficulty. 

Blood pressure and general examination 
were normal. Right-sided hemiparesis, 
expressive aphasia, and right homonymous 
hemianopsia were present. Results of com- 
puted tomography of the head were nor- 
mal. Carotid angiography showed total 
occlusion of the left internal carotid 
artery, 2 cm above the bifurcation, without 
collateral filling of the carotid syphon. The 
right carotid arterial system showed mini- 
mal atherosclerosis. Results of the follow- 
ing laboratory tests disclosed normal val- 
ues: complete blood cell count, platelet 
count, coagulation parameters, sedimenta- 
tion rate, serum chemistries, cholesterol 
level, and triglyceride level. 

Moderate expressive aphasia and right- 
sided weakness have persisted for three 
years. 


Comment.—These two cases con- 
tain the typical historical features 
and angiographic findings of patients 
with internal carotid artery dissec- 
tion. Stroke caused by mitral valve 
prolapse or migraine (present in case 
1) does not show the angiographic 
findings seen here? We suspect that 
carotid artery trauma was induced by 
hyperextension and rotation of the 
neck in both cases.° 

The relatively trivial degree of exer- 
cise resulting in stroke in these two 
cases is not unusual. However, both 
subjects were performing exercises 
common to many exercising American 
adults, and, therefore, carotid artery 
dissection leading to middle cerebral 
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artery territory stroke should be rec- 
ognized as a possible complication of 
aerobic and resistance exercises 
involving the neck. Moreover, the 
number of regularly exercising Amer- 
ican adults suggests that this type of 
stroke is likely to be seen more com- 
monly. 
CHARLES DECARLI, MD 


RoGER KURLAN, MD 
Department of Neurology 


RICHARD GREEN, MD 
Department of Surgery 
University of Rochester 
School of Medicine 
601 Elmwood Ave 
Rochester, NY 14642 
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Herpesvirus in Alzheimer’s Disease: 
A Refutation 


To the Editor.—It has been suggested 
that “repeated reactivation of latent 
or dormant herpesvirus...may well 
represent an etiological infrastruc- 
ture for the clinical syndrome of Alz- 
heimer’s dementia."'^ This is pro- 
posed on the basis of two types of 
evidence: (1) that herpes simplex virus 
has a predilection for the temporal 
lobe (the main site of the pathology in 
Alzheimer's disease); and (2) that 
recovered encephalitis cases display 
amnesiac syndromes (similar to those 
found in Alzheimer's disease). This is 
an intriguing hypothesis that has 
been investigated experimentally. Re- 
sults of hybridization studies de- 
signed to detect the presence of herpes 
simplex DNA in cases of Alzheimer's 
disease have been negative.^^^ These 
types of studies have the ability to 
detect active and latent viral infec- 
tions.*’ Immunocytochemical studies 
have failed to detect expression of the 
herpes simplex antigen in the vast 
majority of Alzheimer's disease 


cases.5?! Neuropathologic studies uv 
not show plaque and tangle formation 
(pathognomic of Alzheimer's disease) 
in cases of herpes encephalitis," even 
in cases with long survival times (up 
to 30 years"). Animal models of her- 
pes simplex encephalitis do not show 
the typical neurochemical deficit 
found in Alzheimer's disease." 

In summary, despite tke amnesic 
syndromes of recovered encephalitis 
patients (also found in bilateral tem- 
poral lobectomy patients) and the pre- 
dilection of herpesvirus for the tem- 
poral lobe (shared by rabies!) there is 
little or no evidence for an active or 
latent herpes simplex virus infection 
in Alzheimer's disease. The observa- 
tions on the neurochemistry and 
pathology of herpes encephalitis and 
Alzheimer's disease support this con- 
clusion. On the basis of th:s, it would 
be reasonable to claim that the 
hypothesis that herpes simplex virus 
is involved in the etiology of Alzheim- 


er's disease stands refuted. 
GARETH W. ROBERTS, PHD 
Division of Psychiatry 
Cliniea! Researeh Center 
Watford Rd 
Harrow, HA1 3UJ England 
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WORKSHOPS: dens, Van Zandt Cottage, Trinity Park, Botanic Gardens andthe 
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day from 7:00 am to 1:00 pm 
at the permanent instruc- 
tional facility, 3001 Race 


Street, Fort Worth. The after- 3 


noons and evenings are free 


to enjoy some of the many s 


activities that Fort Worth has 
to offer such as: 

ATTRACTIONS —Fort Worth 
Zoological Park, Stockyards, 
Kimbell Art Museum, Amon 
Carter Museum, Fort Worth 
Museum of Science and 
History, Log Cabin Village, 
Fort Worth Japanese Gar- 


in the Fort Worth area. Sev- 
eral restaurants are located 
near the stock yards. 


ENROLLMENT: 
Send letter and check pay- 
able to ' Dallas/Fort Worth 





Y. Symposium: Surgeon- 
Be? US $965.00; Resident- 


US $585.00 (with letter from 
Department Head); OR/ 
Tech/Asst.-US $250.00. Mail 
to: Midas Rex Institute, 3001 
Race St., Fort Worth, TX 76111 
Phone: (800) 433-7639, In 
Texas: (817) 831-2604 
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Meets the needs of your 
tension (muscle contraction) 
headache patients 


Spec 
tension headache? 


Free of aspirin-associated 
side effecis? 


Easy-tc-prescribe, 
nonscheduled combination? 


Costs less? 


Wedbe happ- to serd you samples Just complete and 
mail the 3ttac-ed postage-paid reply card. 


Pisase sec brief mmary {prescribing information, which accompanies 
this acver'isemer 


cto FOREST PHARMACEUTICALS, INC. 
" P 


“Modern Dissection Techniques Of Bone, Biometals and Bioplastics" 
(NEURO 700)* 





A Neurosurgical Symposium 
co-sponsored by 


HENRY FORD HOSPITAL 
Department of Neurological Surgery 
and 


MIDAS REX INSTITUTE 


Henry dora 


Foyital 





Course Directors: Jil. Ausman, M.D., Ph.D.; M. Dujovny, M.D.; G. Malik, M.D.; Stewart Willason, Ph.D.; Susan Mitchell, Ed.D. 
SYMPOSIUM FORMAT 


WORKSHOPS: 

The Mitas Rex Hands-On Workshop will be held each day from 
7:30 am. to 1:30 p.m. The workshop will emphasize a series of 
hands-en exercises, utilizing appropriate animal bones, skeletal 
bones. dicplasties and biometals for dissection in the cranium 
and spe. Methyimethacrylace and biometal as they are related to 
neuroswraery will also be considered. Video tapes of clinical pro- 
cedures will be available. 


CREDITS 
C. M.E. sredit available. 


ACCOMMODATIONS: 
Hotel St. Regis, 3071 West Grand Boulevard Detroit, Michigan 
48202. Phone: (313) 837-3000 


ENROLLMENT: 

Send letter and check payable to "Detroit Neurosurgical Sym- 
posium.” Surgeon—US $965.00; Resident—US $585.00 (with letter 
from Department Head); OR/Tech/Ass't.—US $250.00. Write to: 


Midas Rex Institute, 3001 Race Street, Fort Worth, TX 76111. 
Phone: (800) 433-7639, In Texas: (817) 831-2604 


‘There will be a simultaneous Orthopaedic Symposium (Ortho 700) at the same time in a separate room. Hospitality and some 


lectures will be combined. 
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TABLETS/CAPSULES 
Butalbital 50 mg 
(Warning: May be 
habit forming)/ 

Aspirin 325 mg/ 


Caffeine 40 mg 


ific formulation for 


€ ibsidiany of Forest Laboratories, Inc. 
= Vetro 3oulevard Maryland Heights, MO 63043-9979 






16 


ESGIC* 


Tablets/Capsules: Butalbital 50 mg 
(Warning: May be habit forming)/ 
Acetaminophen 325 mg/Caffeine 40 mg 


Brief Prescribing Information: 


DESCRIPTION: Each ESGIC tablet or capsule for oral 
administration contains: 
rr E d PEU EET SOY CT RNV T 50 mg 
(isobutylallylbarbituric acid) 
"WARNING: May be habit forming. 
ACOIBmIODROR uuo ro n S rien 325 mg 
Caffeimeanhydrous ......... ves 40 mg 


CLINICAL PHARMACOLOGY: Pharmacologically, ESGIC 
combines the analgesic properties of acetaminophen- 
caffeine with the anxiolytic and muscle relaxant properties 
of butalbital (isobutylallylbarbituric acid). Acetaminophen 
may be used safely by most persons sensitive to aspirin. 


INDICATIONS: ESGIC is indicated for the relief of the 
symptom complex of tension (or muscle contraction) 
headache. 


CONTRAINDICATIONS: Hypersensitivity to acetamin- 
ophen, caffeine, or barbiturates. Patients with porphyria. 


PRECAUTIONS: 1. General. Barbiturates should be ad- 
ministered with caution, if at all, to patients who are men- 
tally depressed, have suicidal tendencies, or a history of 
drug abuse. 

Elderly or debilitated patients may react to barbiturates 
with marked excitement, depression, and confusion. In 
some persons, barbiturates repeatedly produce excite- 
ment rather than depression. 


2. Drug Interactions. Patients receiving narcotic anal- 
gesics, antipsychotics, antianxiety agents, or other CNS 
depressants (including alcohol) concomitantly with ESGIC 
(Butalbital 50 mg [WARNING: May be habit forming]/ 
Acetaminophen 325 mg/Caffeine 40 mg) may exhibit 
additive CNS depressant effects. 


DRUGS EFFECT 

Butalbital with Decreased effect of anticoagulant 
coumarin because of increased metabolism 
anticoagulants resulting from enzyme induction 
Butalbital with tricyclic Decreased blood levels of the 
antidepressants antidepressant 


3. Usage in Pregnancy. Adequate studies have not been 
performed in animalsto determine whetherthis drug affects 
fertility in males or females, has teratogenic potential or 

has other adverse effects on the fetus. There are no well- 
controlled studies in pregnant women. Although there is no 
clearly defined risk, one cannot exclude the possibility of 
infrequent or subtle damage to the human fetus. ESGIC 
should be used in pregnant women only when clearly 
needed. 


4. Nursing Mothers. The effects of ESGIC on infants of 
nursing mothers are not known. Barbiturates are excreted 
in the breast milk of nursing mothers. The serum levels in 
infants are believed to be insignificant with therapeutic 
doses. 


5. Pediatric Use. Safety and effectiveness in children 
below the age of 12 have not been established. 


ADVERSE REACTIONS: The most frequent adverse reac- 
tions are drowsiness and dizziness. Less frequent adverse 
reactions are lightheadedness and nausea. Mental confu- 
Sion or depression can occur cue to intolerance or over- 
dosage of butalbital. 


DRUG ABUSE AND DEPENDENCE: Prolonged use of 
barbiturates can produce drug dependence, characterized 
by psychic dependence and tclerance. The abuse liability 
of ESGIC is similar to that of other barbiturate-containing 
drug combinations. Caution should be exercised when 
prescribing medication for patients with a known propen- 
sity for taking excessive quantities of drugs, which is not 
uncommon in patients with chronic tension headache. 


DOSAGE AND ADMINISTRATION: ORAL: One or two 
tablets or capsules every four hours as needed. Do not 
exceed six tablets or capsules per day. 


HOW SUPPLIED: ESGIC Tabiets: white, round com- 
pressed tablet imprinted with G on one side and 535-11 
on the opposite side. Supplied in bottles of 100 tablets. 
NDC #0456-0630-01. 

ESGIC Capsules: white, opaque capsules imprinted with 
G and 535-12 in black print. Supplied in bottles of 100 cap- 
sules. NDC #0456-0631-01. 


OVERDOSAGE: For full information on symptoms/treat- 
ment of overdosage, see full prescribing information. 


CAUTION: Federal law prohibits dispensing without pre- 
scription. 


FOREST PHARMACEUTICALS, INC. 
ar Subsidiary of Forest Laboratories, Inc. 


2510 Metro Boulevard Maryland Heights, MO 63043-9979 


Revised 03/86 Printed in USA 
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Instructions for Authors 
Send manuscripts by first-class mail to Robert J. Joynt, 
MD, University of Rochester School of Medicine and 
Dentsstry, 601 Elmwooc Ave, Rochester, NY 14642. Manu- 
scrip-s are received with the understanding that they are 
not under simultaneous consideration by another publica- 
tien. Accepted manuscripts become the permanent proper- 


ty of the ARCHIVES anc may not be published elsewhere 
witheut permission from the publisher (AMA). 


In addition, in view of The Copyright Revision Act of 1976, 
effectve Jan 1, 1978, transmittal letters to the editor should 
contain the following language: “In consideration of the Ameri- 
can Medical Association's taking action in reviewing and editing 
my sabmission, the author(s) undersigned hereby transfers, 
assigns, or otherwise conveys all copyright ownership to the 
AMA in the event that such work is published by the AMA." We 
regre that transmittal letters not containing the foregoing 
language signed by all authors of the submission will necessitate 
delay in review of the manuscript. 


Author Responsibility.—A!| accepted manuscripts are 
subjeet to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
auther is resporsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as eorrespondent and provide his 
address znd telephone number. Order reprints at the time 
the t7peseript is returned a?ter editorial processing. Spec- 
ifv address to which requests for reprints should be sent. 


Manuscript Preparation. -Submit an original typescript 
and two 1igh-quality copies of the entire manuscript. All 
copy (indluding references, legends, and tables) must be 
typec double-spaced on 21.6 X 27.9-cm (8% X 11-in), 
heav--duty white bond paper. Ample margins of at least 
2.5 em (1 in) should be provided. If a word processor is used, 
do not justify right-hand margins. 

Re"er to patients by number (or, in anecdotal reports, by 
fietit:ous given names). Real names or initials should not 
be used in the text, tables, or illustrations. 


Ti&es.— Titles should be short, specific, and clear. They 
shoud not exceed 42 characters per line, including punc- 
tuatien and spaces, and be limited to two lines, if possible. 
The title page should include the full names and academic 
affüliztiors of all authors, the address to which requests 
for reprints should be sent, and, if the manuscript was 
presented at a meeting, the name of the organization, 
piace, and date on which it was read. 


Stele of Writing.—The style of writing should conform to 
aeceptabie English usage and syntax. Slang, medical jar- 
gon, »bseure abbreviations, and abbreviated phrasing are 
to be avaided. 


Infermed Consent.— Manuscripts reporting the results of 
experimental investigations of human subjects must 
include 2 statement to the effect that informed consent 
was #bta ned after the nature of the procedure(s) had been 
fully explained. 


Abstraect.—Provide ar abstract (135-word maximum) of 
the articie, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 


 Reseremees.— List references in consecutive numerical 
order (net alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in che text or tables. Unpublished 
data and persona! communications should not be listed as 
references. References to journal articles should include 
(1) author(s), (2) title, (3) journal name (as abbreviated in 
Indez Medicus), (4) y2ar, (5) volume number, and (6) 
inclusive page numbers, in that order. References to books 
showd include (1) author(s), (2) chapter title (if any), 


-s yur m 


- 
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(3) editor (if any), (4) title of book, (5) city of publication, 


(6) publisher, and (7) year. Volume and edition numbers, 
specific pages, and name of translator should be included 
when appropriate. The author is responsible for the accu- 
racy and completeness of the references and for their 
correct text citation. 


Metrication (and SI Units). — All measurements must be in 
metric units, with Système International (SI) unit equiva- 
lents given parenthetically, in accordance with AMA poli- 
cy. (See June 1986 issue of the ARCHIVES.) 


Illustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in triplicate, 
unmounted and untrimmed. Do not send orizinal artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating "top" 
should be typed on a gummed label ard affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve un:formizy of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.7 X 17.3 em (5 X 7 in). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color wil! add significantly to the 
published manuscript. The ARCHIVES will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author cr his sponsor. 
After deducting the ARCHIVES’ contribution, the author's 
share is $400 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author 
at cost. Positive color transparencies (35 mm preferred) 
must be submitted for an evaluation. Do not send color 
prints unless accompanied by original transparencies. All 
transparencies should be carefully packed and sent with 
the manuscript. 


Legends.— Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length sheuld be limited 
to a maximum of 40 words. 


Photographic Consents.— A letter of consent must accom- 
pany all photographs of patients in which a possibility of 
identification exists. It is not sufficient to cover the eyes to 
mask identity. 


Acknowledgments.— Illustrations from other publications 
must be acknowledged. Include the following when appli- 
cable: author(s), title of article, title of journal or book, 
volume number, page(s), month, and year. The publisher’s 
permission to reprint should be submitted te the ARCHIVES 
after the manuscript has been formally accepted. 


Statistical Review.—Manuscripts containing statistical 
evaluations should include the name and affiliation of the 
statistical reviewer. 


Tables.—Each table should be typed double-spaeed, 
including all headings, on a separate sheet of 21.6 X 27.9- 
em (8% x 11-in) paper. Do not use lerger size paper. If a 
table must be continued, use a second sheet and repeat all 
heads and stubs. Each table must have a title. 


AMA Manual for Authors & Editors —This 1981 edition, 
formerly the Stylebook/Editoriai Manual cf the AMA, is 
available from Lange Medical Publications, Drawer L, Los 
Altos, CA 94023. Single copy price: $13. Discounts are 10% 
for three to five copies and 15% for six or more copies. A 
shipping charge is added on all orders. 
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Neurosurgical Symposia (NEURO 700) 





APRIL 22-23-24 MAY 11-12-13 





WORKSHOPS: 







to neurosurgery will also be considered. 





of the many attractions that the Anaheim area has to offer such as: 






theatre which is Orange County's outdoor theater. Other convenient attractions are NBC 
Studios, ABC Studios, Marineland, San Diego Zoo, Sea World in San Diego and the 
beaches which are 20 minutes away. 


SPECTATOR SPORTS—Baseball with the California Angels, football with the Los 
Angeles Rams, and horse racing at Los Alamitos and Santa Anita. 


PARTICIPANT SPORTS—Golf, tennis, racquetball, swimming, and sport fishing 
off the California coastline. 


FOOD-—5,000 restaurants in Orange County are serving everything from 
Continental to ethnic cuisine. Fifty percent of the restaurants have re- 
ceived the Southern California Restaurant Writers award. 


ENROLLMENT: SSS 
Send letter and check payable to “Los Angeles/Anaheim Symposium.” £O pul E 
Please indicate the dates of the symposium you would like to attend. = 
Surgeon—US $965.00; Resident—US $585.00 (with letter from 
Department Head); OR/Tech/Ass’t.—US $250.00. Mail to: 


Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 76111 
Phone (800) 433-7639, In Texas: (817) 831-2604 
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LOS ANGELES/ANAHEIM (:) MIDAS REX INSTITUTE 


“Modern Dissection Techniques Of Bone, Bioplastics and Biometals" 


The Workshops will emphasize a series of hands-on exercises, utilizing appropriate animal bones, skeletal bones, EI 
bioplastics and biometals for dissection in the cranium and spine. Methylmethacrylate and biometals as they relate SPA 


The Midas Rex Hands-On Workshops will be held each day from 7:00 am to 1:00 pm at the permanent instruc- 
tional facility, 625 West Katella, Unit 22, Orange, California. The afternoons and evenings are free to enjoy some 


SIGHTSEEING —Disneyland, Knott's Berry Farm with 165 attractions and rides, Movieland, Pacific Amphi- = - 3 
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THE NATIONAL 
NEUROFIBROMATOSIS 
FOUNDATION 


announces the availability of 
RESEARCH FELLOWSHIPS 


which will provide salary support not to 
exceed $25,000 annually for periods up to 
two years. 


FACULTY POSITIONS 







The Department of Neurology, of the 
University of lowa College of Medicine, has 
several available Junior Faculty positions. 
Responsibilities include neurologic patient 
care and teaching of medical students and 
residents. A research background is essen- 
tial and candidates will be expected to 
conduct an active program of neuroscien- 
tific investigation. All faculty serve in 













and 
RESEARCH GRANTS 


which will provide up to $25,000 for one 
year for research on the cause and 
treatment of neurofibromatosis. 






full-time status. Salary is negotiable 
depending upon qualifications. The Univer- 
sity of lowa is an Affirmative Action/Equal 
Opportunity Employer. 








Deadline for filing applications for awards 
to be activated during the 1987-1988 
academic year is April 15, 1987. 


For information or applications 
please contact: 


If interested, contact: 

Antonio R. Damasio, MD, PhD 
Professor and Head 
Department of Neurology 
College of Medicine 
University of lowa Hospitals and Clinics 
lowa City, lowa 52242 








The National Neurofibromatosis 
Foundation 
141 Fifth Avenue, Ste. 7-S 
New York, NY 10010 







Progressive muli-specialty group 
of 28 physicians needs neurologist. 
Newly remodelled building adja- 
cent to modern, well-staffed hospi- 
tal in excellent medical community. 
$80,000.00 salary plus bonus first 
year. Full stockhelder status there- 
after plus many fringe benefits. 
Close to excellent hunting, fishing 
and skiing. Town of 25,000 in 
agricultural area 20 miles from 
state capitol. Contact: 


Mike Crane 
215 E. Hawaii 
Nampa, ID 83651 
Phone: 208-467-1121 












1986 Reviewers 


The number and the diversity of articles submitted to the ARCHIVES continues 
*o grow. To be a peer review journal, it requires more and more reviewers with 
specialized knowledge. Therefore, the demand on the good clinician-scientist is 
increasing, not only from this journal but from others in similar fields. The 
vitality of the scientific literature in our specialty depends on the reviewers. The 
»ditorial board of the ARCHIVES know this and they acknowledge their debt to all 


who helped us this past year.—ED. 
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Editorials 


Additions, Renovations, and New Paint 


ven an old, comfortable home 

needs changes now and then. The 
Archives of Neurology and Psychiatry 
was founded in 1919, with the first 
major renovation in 1959 when it 
became the Archives of Neurology. It 
was, and continues to be, one of the 
leading journals in our specialty. 

The additions are the many new 
subscribers. The total monthly circu- 
lation is now 19800, making it the 
most widely circulated neurologic 
journal in the world. Among those 
subscribers are 2998 foreign physi- 
cians, 1211 medical students, and 1522 
residents. The journal goes to practi- 
tioners in almost every medical spe- 
cialty, including 2195 neurosurgeons, 
1072 physiatrists, 417 psychiatrists, 
562 orthopedic surgeons, and 1099 
radiologists. The rate of change has 
been dramatic, with an increase in 
circulation from 15465 in 1982 to 
18 259 last year and 19 800 this year. 
This increase of over 4000 has been 
almost equally divided between those 
obtaining the journal by benefit of 
membership in The American Medical 
Association and new subscribers. 
Thus, authors know that they can get 
the widest possible audience for their 
work. 

There are two major renovations. 
First, there are a number of new 


departments in the journal. The con- 
TROVERSIES section has placed two 
experts, or a group of experts, with 
varying views on topics ranging from 
diametrically opposed positions to 
near agreement. This section has been 
particularly popular with students 
and residents who savor contentious- 
ness among their elders. The HISTORY 
OF NEUROLOGY section has also been 
popular as neurologists seem to have a 
pervasive interest and respect for 
their roots. Other new departments 
are HYPOTHESIS, NEUROLOGICAL  RE- 
VIEWS, PRACTICE IN NEUROLOGY, and 
CONFERENCE REPORTS. The second reno- 
vation is not so obvious, but equally 
important, and that is the shortening 
of the time from acceptance to publi- 
cation. No editor should brag about 
this, as some of our authors can point 
out egregious delays. Also, a spate of 
good submissions with acceptances 
can change this and will make an even 
bigger liar out of an editor. This has 
been accomplished in two ways—an 
increase in the number of pages and a 
tightening of acceptance criteria. The 
latter is difficult as many worthy 
papers are not accepted. Acceptance 
eventually comes down to priority 
listing by reviewers, appropriateness 
for the journal’s readers, and the edi- 
torial board’s decision. The editorial 


Dementia and Technology 


n this issue of the ARCHIVES there is 

a series of related articles on 
dementia from the University of 
Western Ontario Dementia Study 
Group, London. Many of the common 
problems encountered in patients 
with dementia and in older people are 
addressed. Certainly one of the most 
vexing is the frequent finding of dif- 
fuse or patchy lesions in the white 
matter seen on computed tomography 
and magnetic resonance imaging. 

One of the problems with technolo- 
gy is that we often find much more 
than we want. For example, blood 
chemistry levels used to be chosen on 
the likelihood of their giving us infor- 
mation to assist in making a diagnosis 
or managing a clinical problem. We 
still use them this way, but now we 
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get lagniappes in the form of several 
gratuitous pieces of information. It is 
easier for the system to spew out all it 
knows, rather than just the informa- 
tion that is wanted. So we see the 
determination we want, but also an 
inexplicably high level on some other 
value (usually alkaline phosphatase) 
with an asterisk challenging us to 
explain it. Then the quest starts, usu- 
ally to end in frustration some days 
later with a tired house officer, an 
anemic patient, and a more affluent 
chemical chemist. 

We encounter a similar problem 
with our new brain imaging systems, 
with resolution undreamed of a 
decade ago. In elderly patients with 
and without dementia there are dif- 
fuse or patchy hypodense areas in the 


board has taken the stand that rapid 
publication is advisable for some 
papers. Consideration for this may be 
requested by the submitting authors. 
A higher rejection rate of submitted 
manuscripts, now elose to four out of 
five, makes judgment more difficult 
for the reviewers and the editorial 
board. That is why we are very grate- 
ful for those who contribute their 
time for this chore. 

If there is any solace one can offer a 
disgruntled author with a rejection, it 
is the passage I turn to when in a 
similar situation. The writer John 
Gardner said, “One should fight like 
the devil the temptation to think well 
of editors. They are all, without excep- 
tion—at least some of the time— 
incompetent, or crazy. By the nature 
of their profession they read too 
much, with the result they grow jaded 
and cannot recognize talent though it 
dances in front of their eyes.” 

Finally, the new paint—well, that is 
obvious. The decision did not come 
easily. I like the old cover, but the 
editorial board was increasingly res- 
tive. One referred to it as “the mus- 
tard and ketchup” cover. General 
Charles de Gaulle once said, “How can 
you govern a nation that has 246 
different kinds of cheese?” Suddenly 
the 20-plus doctors on the board all 
became art experts, but with the guid- 
ance of Anne Young, MD, PhD, we 
came to a decision (not unanimous). 
However, it is fitting that for a new 
era there is nothing like new paint. 

ROBERT J. JOYNT, MD, PHD 
Chief Editor 


white matter. The diagnosis varies 
from Binswanger’s disease (subcorti- 
cal arteriosclerotie encephalopathy) 
to “...we see a lot of that in older 
people.” Neither of these diagnoses 
nor any in between has been satisfy- 
ing. The University of Western Ontar- 
io Dementia Study Group suggests we 
use the phrase leuko-araiosis (ie, 
white-matter rarefaction) to desig- 
nate this finding. The expressed hope 
is that the term will become obsolete 
as the explanation becomes clear. The 
concept is excellent, but coining words 
is hazardous. Undoubtedly, we will 
hear from some classics scholars and 
etymologists. As Mark Twain re- 
minded us, “The difference between 
the right word and the nearly right 
word is the same as that between 
lightning and the lightning bug." 
ROBERT J. JoyNT, MD, PHD 
Chief Editor 
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Origine’ Contributions 


Leuko-Araiosis 


Vladimir C. Hachinski, MD; Paul Potter, MD; Harold Merskey, DM 


è -roMems in the literature in the 
appraisal of brain deep white-matter 
changes are considered. The identifica- 
tion of tee changes with Binswanger's 
disease stone is rerected. and evidence is 
reviewec that demonstrates tnat they are 
associated with cognitive impairment 
and, to seme extent, with vascular dis- 
ease Pcssibie causes of white-matter 
changes anc their relationships to Alz- 
heimer's disease are examined, and it is 
argued that a neutral term, exact enough 
to definewhite-matter changes, sufficient 
as a deseription o: label, and demanding 
enough ^» require precise clinical and 
imaging 9*escripticns is needed. We sug- 
gest herein the term '"leuko-araiosis" on 
the basie of Greek etymology and Hippo- 
cratic usage. 

(Arch @euro! 1987;44:21-23) 


Fmns mislead. There are fewer 

thar 50 cases in the world litera- 
ture of Bimswanger’s disease with 
patholome data. Moreover, Binswan- 
ger'- disease is a term tha: cannot be 
applied aniformly, even to pathologi- 
cally studied cases. As Olszewski' 
pointed out, although Binswanger 


invoiver-ent of the periventricular 
and termporo-oceipital white matter, 
he gave-ew details, ard it is impossi- 
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ble to make a definite retrospective 
diagnosis of his cases. Yet Binswan- 
ger’s disease is being described in 
hundreds of patients in computed 
tomography (CT) and magnetic reso- 
nance imaging (MRI) series? This 
apparent epidemic is occurring at a 
time when hypertension, a hallmark 
of Binswanger’s disease, is coming 
under increasing control, and only 
some of the patients who display 
hypodensities or changed signals of 
white matter on CT scans and MRI 
are hypertensive. It is improbable 
that these radiologic findings repre- 
sent Binswanger’s disease, unless 
enormous numbers were previously 
overlooked. 

Improved recognition could explain 
the disparity between the rarity of 
Binswanger’s disease in pathologic 
series and its apparent abundance in 
CT and MRI series. We tend to find 
what we look for, and evolving tech- 
nology and increasing awareness no 
doubt are highlighting cases that may 
have been missed when Binswanger’s 
disease was considered rare. However, 
it is more likely that we are witness- 
ing the unfounded attribution of a 
specific pathologic cause to increas- 
ingly more sensitive images of the 
brain. 


SIGNIFICANCE OF WHITE-MATTER 
CHANGES ON BRAIN IMAGING 


Before attributing any significance 
to white-matter changes seen on CT 
and MRI, we need to know whether 
they are associated with clinical 
symptoms and signs. The work that 
we describe in five of the accompany- 
ing articles** is an attempt to eluci- 
date the significance of these white- 
matter changes. It includes one arti- 
cle’ describing the reliability of our 
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clinical diagnosis of Alzheimer’s dis- 
ease by comparison with pathologic 
findings, and two articles** reporting 
specific criteria for recognizing and 
discriminating white-matter changes 
from infarcts. Using these criteria, 
three observers obtaimed acceptable 
agreement. 

Two articles*/ on intellectually ade- 
quate control subjects and on de- 
mented patients show an association 
of white-matter changes with mental 
impairment and with motor and 
reflex changes. This is true even after 
eliminating subjects among the con- 
trols with a history of stroke. Other 
studies? have not found a relation- 
ship between deep  white-matter 
changes and dementia, once confound- 
ing factors such as age and the history 
of stroke were eliminated. The differ- 
ence in our studies is probably that we 
have not only compared the presence 
or absence of deep white-matter 
changes between patients with de- 
mentia and controls,* but that we have 
also applied systematic neurologic 
examination and a quantitative psy- 
chometric test to both groups.* The 
latter methods show a definite effect 
of deep white-matter changes in caus- 
ing intellectual impairment. In pa- 
tients with advanced dementia, the 
effect of deep white-matter changes 
may be overshadowed by the other 
dementing process, whether it is inde- 
pendent of white-matter changes or 
linked to them. It is also hard to 
demonstrate because of the large vari- 
ance in the psychologie test measures, 
which is to be anticipated if a wide 
spread of demented patients is 
studied, as it should be. There 
are indications that white-matter 
changes are most prominent in the 
gróup of ‘patients who have passed 
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beyond the stage of very early demen- 
tia into a well-marked mild or moder- 
ately severe state. The lesions thus 
appear to be relatively important in 
the establishment and progression of 
Alzheimer's disease in its middle 
stages. 

The article on vascular risk factors? 
confirms the view that there is a 
strong positive correlation between a 
history of stroke and deep white-mat- 
ter changes. We were able to show 
that the presence of white-matter 
changes is associated with clinical 
stroke, cerebral infarcts on CT scan, 
and hypertension, but these factors 
can only account for some of the vari- 
ability in a multivariate discriminant 
function model.’ However, a positive 
correlation does not imply an obliga- 
tory association nor a causal relation- 
ship. It is possible that more powerful 
techniques of observation with less 
“noise” would account for more of the 
variance, but there is also a consider- 
able chance that other factors are 
involved and that the end result is a 
final common pathway for more than 
one effect. 

The conclusions from these studies 
are that white-matter changes are 
indeed associated with intellectual 
impairment and somewhat, but not 
exclusively, with vascular disease. 


THE NEED FOR A DESCRIPTIVE TERM 


Many different causes may underlie 
the white-matter changes. The in- 
tense white-matter signal ringing the 
ventricles on MRI images? may bear 
little relationship to the irregular 
white-matter  hypodensities some- 
times seen on CT scanning. A sym- 
metrical periventricular white-matter 
change may represent the penetration 
of cerebrospinal fluid into shrinking 
brain, producing pallor and the 
appearance of edema at autopsy." On 
the other hand, the asymmetric 
patchy and more intense changes may 
represent a confluence of microin- 
farcts from hypertension and/or cere- 
bral amyloid angiopathy. 

One of the most intriguing relation- 
ships is with Alzheimer's disease. 
Amyloid angiopathy can occur in up 
to 8975 of brains with Alzheimer's 
disease," offering a potential link 
between the presence and severity of 
white-matter changes and the pres- 
ence and severity of Alzheimer's dis- 
ease. The similarity between the his- 
tologic staining of the amyloid core of 
senile plaques and vascular amyloid" 
suggests a common mechanism or a 
close relationship between both pro- 
cesses. Amyloid-weakened vessels 
may become more prone to the harm- 
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ful effects of hypertension and ather- 
osclerosis and to extremes of blood 
pressure. Rich meningeal anasto- 
moses may protect the gray matter 
from infarction when a penetrating 
vessel occludes, whereas the white 
matter enjoys no such collaterals nor 
protection. The resulting cumulative 
microinfarcts anc microhemorrhages, 
sometimes punctuated by major 
infarcts and hemorrhages, may accel- 
erate and complicate the changes of 
Alzheimer’s disease. While systemic 
and cerebral amyloidoses are clearly 
different, the encouraging results 
obtained with colchicine in the amy- 
loidosis of familial Mediterranean 
fever offers hope that cerebral amy- 
loidosis may be arrested or slowed. 

A number of other factors may con- 
tribute to changes in white-matter 
appearance on CT and MRI. Aging is 
associated with changes in cerebral 
myelin. Gray-matter degeneration 
may produce secondary changes in 
white matter, although severe gray 
matter involvement is associated with 
only mild myelin loss." Moreover, 
entities may interact or coexist. We 
need a neutral term, exact enough to 
define white-matter changes in the 
elderly or the demented, general 
enough that it serves as a description 
and a label, and demanding enough 
that it calls for a precise clinical and 
imaging description accompanied 
when possible by pathologic correla- 
tions. 


LEUKO-ARAIOSIS 


Since the common denominator of 
white-matter changes in elderly or 
demented individuals is decreased 
density (on CT) or a change in the 
bound hydrogen signal on MRI, we 
suggest the term “leuko-araiosis” 
meaning a diminution of the density 
of representation of the white mat- 
ter. 

We chose to coin this word from two 
Greek roots, partly because of the 
historic connection with the early rec- 
ognition by the Greeks of the head as 
the center of the mind. By the eighth 
century BC, the enkephalos— literally 
"that within the head" —had been rec- 
ognized and named, as its appearance 
in the Iliad and Odyssey attests. In 
several treatises of the Hippocratic 
collection (c450 to 350 Bc), mental 
function is explicitly centered in this 
organ (eg, Sacred Disease 17; Places in 
Man 2; Diseases II 4; and Diseases III 
2), although a work entitled System of 
Glands associates the brain with ton- 
sils, lymph nodes, adrenal glands, and 
breasts; it describes the brain sub- 
stance as white and friable, like that 


of a gland (chapter 10). 

From the time of Aristotle and the 
Hellenistic anatomist Herophilus, the 
brain was routinely divided in:o cere- 
brum and cerebellum, and Erasistra- 
tus (c300 BC) relates the folded sur- 
face of the cerebrum in the human 
being to that species' superior intelli- 
gence. 

An early differentiation between 
medullary and cineritious substances, 
ie, between fibrous or white matter 
and vesicular or gray matter, is 
to be found in the Philosophical 
Transactions of ihe Royal Society 
XIX. 534 (1697), and by the middle of 
the 19th century the signifieznce of 
this distinction was firmly estab- 
lished. 

In the light of the above we suggest 
a word based on two Greek roots to 
represent the white matter and the 
radiologic phenomena found taerein. 
The word is “leuko-araiosis.” 

The Greek root, lezko-, sigaifying 
"white," has found wide and varied 
usage in modern scientific and medi- 
cal terminology, eg, leucine, lev kopla- 
kia, leukocyte, leukorrhea. Several 
precedents exist for its application to 
the white matter of the central ner- 
vous system, eg, leuk(o)encepaalitis, 
leukodystrophy, leukomyelitis, and 
leukotomy. 

Two different patterns of usage 
reveal themselves: (1) where that 
which is white is expressed, eg, leuko- 
cyte, leukodermia; and (2) wher2 what 
is white is not stated, but is subsumed 
within lewko-, eg, leukemia (for leuko- 
cytemia). It is the second usage that 
would apply in the word we are pro- 
posing: leuko- stands for *white mat- 
ter of the brain," exactly as in leuko- 
tomy. 

Araios is a Greek adjective meaning 
“rarefied, with its units far apart”; its 
opposite, pyknos, means “dense, with 
its units close together." Araios can 
qualify both space: *of loose texture," 
and time: “infrequent, intermitzent.” 

The suffix -osis creates a noum with 
the meaning “the action or process 
of.” Thus, araiosis corresponds to the 
English noun “rarefaction,” which the 
Oxford English Dictionary defines as 
“the action of rarefying or process of 
being rarefied; diminution of densi- 


The araio- root is used in English 
medical terminology, eg, araiocardia, 
araeometer. For want of a reverse 
dictionary, we have not been able to 
discover whether -araiosis occurs in 
English. Incidentally, araiosis occurs 
twice in the Hippocratic collection, 
once referring to the decreased densi- 
ty of the body in old age (Hippocrates: 
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Epicem*es FI 5.3) and once describing 
the sarezed character of normal lung 
substanee (Hippocrates: Bones 13). 

In ful! agreement with the trend of 
preferrimg Greek spellings to their 
latirizec equivalents, which has pre- 
vailed ir English usage for nearly a 
centary, we favor 'leuko-" over “leu- 
co-, ana “araiosis’ over “araeosis.” 
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As did Freud in his psychoanalysis, 
we choose to retain the final vowel of 
the first root, where it might have 
been dropped, in order to mark the 
division between the roots clearly: 
leuko-araiosis, not leuk-araiosis. 

If leuko-araiosis comes into use as a 
term obliging precise description, sub- 
classifications will inevitably arise. 
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The Clinical Diagnosis of Alzheimer's Disease 


John P. H. Wade, MD; Thomas R. Mirsen, MD; Vladimir C. Hachinski, MD; Michael Fisman, MB; Catherine Lau, BScN; 
Harold Merskey, DM, for the University of Western Ontarie Dementia Study Group 


€ Clinical and pathologic diagnoses 
are compared in 65 patients who had 
dementia and who had been studied longi- 
tudinally during life. The sensitivity of 
diagnosis for dementia of the Alzheimer 
type (DAT) without any other diagnosis 
was 87%, and the specificity was 78%. 
The ischemic scale score did not discrim- 
inate well between patients with pure 
multi-infarct dementia and those with 
both DAT and multi-infarct dementia. 
However, 35 of 38 cases of pure DAT had 
a score of 4 or less on the ischemic 
scale. 

(Arch Neurol 1987;44:24-29) 


Mech current research into the pre- 
sentation and progression of the 
dementias in general, and dementia of 
the Alzheimer type (DAT) in particu- 
lar, depends on the accuracy of clini- 
cal diagnosis. It is notoriously diffi- 
cult to offer a precise diagnosis early 
in the disease, especially if the presen- 
tation is atypical, but the diagnosis 
may become more certain as the 
dementia progresses.'? Two previous 
studies, however, obtained only a 
55976? and 70%* agreement between 
clinical and pathologic findings. 
When attention is focused solely on 
DAT, accuracy in predicting the char- 
acteristic changes at postmortem may 
be as high as 82%.° The present inves- 
tigation assesses the reliability of 
clinical diagnosis achieved in the Uni- 
versity of Western Ontario (UWO 
[London]) Dementia Study by compar- 
ing it with subsequent autopsy find- 
ings, and it serves to complement oth- 
er publications in this series, reported 
in this issue of the ARCHIVES, includ- 
ing Inzitari et al? Rae-Grant et al,’ 
and Steingart et al.* 
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PATIENTS AND METHODS 
Patients 


The UWO Dementia Study has recruited 
331 patients with dementia. A systematic 
neurologic assessment, under the supervi- 
sion of one of the authors (V.C.H.), was 
introduced in 1981. The overall study has 
been described elsewhere.’ At the time of 
writing, 118 patients have died. Autopsies 
were performed on 84 patients, 60 of whom 
had complete neurologic evaluations, psy- 
chological assessments, serial electroen- 
cephalograms (EEGs), and computed 
tomographic (CT) scans. Another five 
patients were fully evaluated except for 
the CT scans. These 65 individuals formed 
the patient population of the present 
study. 


Methods 


The neurologic history was standardized 
to emphasize the mode of onset (or recog- 
nition) of strokelike episodes, the temporal 
profile of progression, and any previous 
history of vascular events or vascular risk 
factors. The examination was likewise doc- 
umented in a standardized way. An 
ischemic score (IS) was obtained, and the 
patients underwent standardized psy- 
chometry, EEG, and CT scanning. One 
neuroradiologist (A. J. Fox, MD) inter- 
preted all of the CT scans without knowl- 
edge of the clinical syndrome. 

The clinical diagnosis on the first 47 
cases was undertaken by a neurologist 
(J.P.H.W.), who received all of the clinical 
findings in conjunction with the CT scan, 
IS, and EEG reports. A second neurologist 
(T.R.M.) agreed with the decisions of the 
first in all but three cases and diagnosed a 
further 19 cases, providing final clinical 
diagnoses on all 65 patients. The neurolo- 
gists were blind to the autopsy reports. 
Patients were allotted to one of four cate- 
gories: (1) degenerative DAT, (2) multi- 
infarct dementia (MID), (3) mixed DAT 
and MID (mixed), and (4) other specific 
diagnoses. 

Dementia of Alzheimer's type was diag- 
nosed when the history and examination 
results were considered compatible with 
the condition, as described by Mayer-Gross 
et al' provided that the CT scan was 
either normal or showed diffuse atrophy 
and that the IS was 4 out of 18 or less. 

The presentation described by Slater 
and Roth" is characterized by a gradual 
yet progressive failure in the common 
activities of daily life. Memory and intel- 
lectual failure dominate the early picture; 
dysphasia, dyspraxia, and agnosia com- 
monly evolve. In general, insight is lost 


relatively early, and the patient may 
become restless and agitated or de- 
pressed. 

Results of the physical examination may 
be unremarkable, but as the disease pro- 
gresses, the gait slows, frontal release 
signs become evident, and there may be 
mild extrapyramidal signs. Asymmetrical 
upper motor neuron signs are very unusu- 
al." Insofar as the patient can be tested, 
the sensory examination findings remain 
normal, and the patient may have quite 
severe agnosia. 

When the history and examination sug- 
gested a vascular cause, when the CT scan 
showed infarcts, with or without diffuse 
atrophy, and when the IS was greater than 
4, a diagnosis of MID was recorded. Some 
patients showed features common to both 
conditions (ie, progressive cortical demen- 
tia plus a history of strokes and focal signs 
on examination). These patients were 
labeled “mixed.” The miscellaneous group 
comprised several distinct neurologic con- 
ditions diagnosed along conventional lines, 
eg, progressive supranuclear palsy and 
Creutzfeldt-Jakob disease. The number, 
size, and location of infarcts were docu- 
mented at autopsy. Quantitative mor- 
phometry, using a semiautomated sam- 
pling stage microscope (Wild 501), was 
undertaken to determine the severity of 
neuronal affliction by neurofibrillary tan- 
gles, by granulovacuolar degeneration, and 
by nerve cell loss. Criteria for morphomet- 
ric diagnosis of DAT have been reported 
elsewhere." 


RESULTS 


Tables 1 through 3 show a summary 
of the results and the individual diag- 
noses. The findings according to the 
main diagnostic groups are as fol- 
lows. 


DAT 


Of the total 65 patients in whom an 
autopsy was performed, 39 were clini- 
cally diagnosed as DAT on the above 
criteria. Detailed clinical neuropatho- 
logic examination confirmed the pres- 
ence of DAT alone in 33 cases, mixed 
DAT and MID in two cases, and MID 
alone in one case. The pathologic diag- 
nosis in one person remained uncer- 
tain but most closely resembled the 
syndrome of progressive subcortical 
gliosis reported by Neumann and 
Cohn.“ In another patient with 
extrapyramidal findings, the patho- 
logic findings showed a picture consis- 
tent with Parkinson’s disease, al- 
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though w-hcut Lewy bodies. A third 
patient had mesial temporal sclerosis. 
The I5 was 7 or less in every case of 
DAT alone, with a mean of 1.8 and SD 
of LZ. It tctaled 4 in five of the 
cases. 


MID 


Four cases;were diagnosed clinical- 
ly as MIL. Ir one case, the IS was 8, 
and autopsy eonfirmed the CT appear- 
ance ef tw» lerge cortical infarcts and 
numerous small deep lesions. Quanti- 
tative momplmetry showec changes 
compatible wath age. which were not 
extensive enough tc consider DAT. 
The secon! case, again with an IS of 8, 
reveaed several deep left-sided 
infarets, = large right-sided cortical 
infaret, and Alzheimer’s disease. The 
two cther esses likewise fit into the 
mixec category on pathologic exami- 
nation (me patient had bilateral 
occipital izfa-cts and Alzheimer’s dis- 
ease; the ot.er showec Alzheimer's 
disease and multiple left-sided lacu- 


nae. 
Mixed DAT and MID 


Diaznosis proved less precise in the 
mixec group Sixteen patients were 
allotted te thes category, and the diag- 
nosis was eonfirmed in only five 
instamees. Foar patients turned out to 
have pure MID, five others had an 
autopsy diagnosis of DAT with no 
evidence of serebral infarction, one 
had g3obizst»sma multiforme, and one 
had Ealle-verden-Spatz disease. The 
mean IS ^r the 11 patients was 5.4 
11.8 SD), wita a range of 4 to 9. The 
patierz w-h an IS of 9 (the highest in 


the entire series) turned out to have a 
mixed dementia and not pure MID. 
The five patients incorrectly classified 
as mixed, who in fact had a pure DAT, 
had ISs of 4, 4, 5, 6, and 6, respectively. 
Altogether, DAT was present with or 
without MID pathologically in ten 
(63% ) of the 16 cases. 


Other Specific Diagnoses 


This group comprised six patients. 
Two cases were diagnosed as Creutz- 
feldt-Jakob disease, and this was con- 
firmed pathologically. Pathologic ver- 
ification of a clinical diagnosis of the 
Steele-Richardson-Olszewski syn- 
drome was obtained in one case. 
Another patient, believed to have 
Pick’s disease or Huntington’s dis- 
ease, showed evidence of Pick’s dis- 
ease at autopsy. A fifth patient, in 
whom possible Pick’s disease was 
diagnosed clinically because of 
marked personality change with rela- 
tively preserved memory, had a nor- 
mal brain at autopsy. The final 
patient had a diagnosis of Parkinson's 
dementia, which was confirmed at 
autopsy, along with occasional Alz- 
heimer's changes. 


Sensitivity and Specificity of Clinical 
Diagnosis for DAT Alone 


Overall, 38 patients had morpholog- 
ically proven DAT without significant 
evidence of other disease, apart from 
idiopathic Parkinson's disease, which 
was seen in three. The diagnosis of 
DAT alone was made clinically in 33 
of the 38 patients, so the sensitivity of 
diagnosis was 87%. Forty-six patients 
had DAT with or without MID. All of 


Table 1.—Conparison of Clinicel and Pathologic Diagnoses in 65 Patients With Dementia * 


Pathologic Diagnosis 





No. of 
Patients 


Patnoloc c 
Diagnosis 
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62-83 82.1 
50-81 72.0 
47-78 68.7 
68.5 47-86 76.8 


*DA- indicates dementia of the Alzheimer type; MID, multi-infarct dementia; and mixed, DAT and MID. 


65-91 
52-87 
52-92 





these patients were plzced either in 
the DAT group or in the mixed group. 
Among the 27 patients who did not 
have DAT alone at autopsy, 21 had 
other clinical diagnoses with or with- 
out Alzheimer's disease. so the speci- 
fieity of clinical diagnosis for DAT 
alone was 78%. 


COMMENT 


The present study shows that the 
diagnosis of DAT can be made with 
some confidence in elderly patients 
with moderate to severe disease. 

We have used the IS as a way of 
excluding mixed and MID from the 
DAT group rather than in the more 
positive sense of using it to make a 
firm diagnosis of MID. A high score 
(=5) raises the possibiity of recur- 
rent stroke with infarcts, which may 
be confirmed by CT. As in the series 
by Rosen et al,^ nothing in our data 
suggests that the IS can be used to 
differentiate MID from mixed demen- 
tia. Mixed remains a rather vague 
term, but it is difficult to see how we 
can improve on it; DAT morphology is 
common in the elderly, as are strokes, 
and, as a result, the two-often coexist. 
It is a matter of judgment whether 
the strokes contribute tc the cognitive 
decline. Rosen et al? suggest that the 
IS can be improved, and we agree that 
it needs refinement. There is no con- 
sensus, for example, as to what consti- 
tutes a focal neurologic sign, and in 
the present study we have been some- 
what pragmatic. Aphzsia, for in- 
stance, was not considered a focal sign 
since it is common to both DAT and 
MID, but à homonymous hemianopia 
and unilateral long traet signs were 
scored since these are uncommon in 
DAT yet frequently oecur in MID. 
While refinement of the IS may seem 
irrelevant to hospital practice, in 
which investigations such as the CT 
and, now, magnetic resonance imag- 
ing improve our diagnos-ic acumen, it 
remains crucial for community-based 
research in noninstitutional patients. 
Thirty-five of 38 cases of pure DAT 
had an IS score of 4 out of 18 or less. 


ischemic Score 
(@ut of 18) 


Duration of 
Symptoms 
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M v 








Age, 










Clinical M uA 
Diagnosis Infarct Ischemic At At Duration of 
and Case No. Pathologic Diagnosis and Findings Localization Score Death Onset iliness, y 














(1) Alzheimer's disease; (2) occasional 
perivascular lymphocytic cuffing 






(1) Idiopathic Parkinson's disease; 
(2) Alzheimer's disease; (3) mild patchy 
atherosclerosis (circle of Willis); (4) mild 
pallidal calcinosiderosis 











(1) Parkinson's disease (no Lewy bodies); 
(2) Hirano bodies, extensive in hippocampal 
formation; (3) rare neurofibrillary tangles in 
hippocampal formation, and amygdaloid 
nucleus; (4) occasional neuritic plaques in 
frontal and temporal neocortex; (5) focal mild 
Purkinje cell loss in superior cerebellar vermis 














(1) Moderately severe cerebral cortical atrophy; 
(2) neuronal loss and gliosis (focal and mild 
in hippocampal formation and frontal 
neocortex; diffuse and marked in amygdaloid 
nucleus; diffuse and severe in middle and 
inferior temporal neocortex); (3) status 
spongiosus, moderate in insula; severe in 
entorhinal inferior and medial temporal cortex; 
(4) minimal patchy atherosclerosis (circle of 
Willis) 

(1) Alzheimer's disease; (2) status spongiosus, 
focal mild; (3) marked pallidal 
calcinosiderosis; (4) neuroaxonal 
spheroids," moderate in globus pallidus; 
(5) moderate patchy atherosclerosis (circle 
of Willis). 


(1) Alzheimer's disease; (2) severe focal 
atherosclerosis (circle of Willis); (3) 
calcinosiderosis (moderate in globus pallidus; 
severe in paradentate hippocampal white matter) 































(1) Neuritic plaques (rare in hippocampal cortex, Etat lacunaire, focal left thalamus; 







occasional in frontal and temporal neocortex); large old hemorrhagic infarct in 
(2) rare Hirano bodies in hippocampal middle cerebral territory (left 
formation; (3) neuronal loss and gliosis, temporal lobe) 






minimal, focal, in hippocampal formation, frontal 
and temporal neocortex; (4) extensive severe 
calcinosiderosis in hippocampal paradentate 
white matter 













(1) Idiopathic Parkinson's disease; 
(2) Alzheimer's disease; (3) focal status 
spongiosus (marked in amygdaloid nucleus, 
moderate in entorhinal cortex, minimal in inferior 
temporal neocortex); (4) old left cerebral 
subdural hematoma 


















(1) Alzheimer's disease; (2) marked patchy, Old microinfarcts in parieto-occipital 4/18 


atherosclerosis (circle of Willis) cortex 








10 (1) Organic dementia, type uncertain; None 1/18 64 58 6 
(2) calcinosiderosis 

11 (1) Alzheimer's disease; (2) spongiform None 1/18 56 49 T 
encephalopathy 


(1) Alzheimer's disease; (2) hypoplasia of left Old microscopic hemorrhagic infarct 1/18 
vertebral artery; (3) moderate atherosclerosis in left cerebellar hemisphere 
(circle of Willis); (4) congenital berry 
aneurysm, small, left internal carotid artery 


(1) Alzheimer's disease; (2) severe status 
spongiosus; (3) focal calcinosiderosis; 
(4) occasional neuroaxonal ''spheroids'' 


14 (1) Alzheimer's disease; (2) mild atherosclerosis None 1/18 73 66 7 
(circle of Willis) 


(1) Alzheimer's disease; (2) mild congophilic 





Old small infarct in left 





angiopathy Penes 
(1) Alzheimer's disease 3/18 
(1) Alzheimer's disease T infarct in left temporal lobe 0/18 





(1) Alzheimer's disease; (2) moderate Small old infarct in middle cerebral 
atherosclerosis (circle of Willis); (3) status artery territory 
spongiosus in hippocampus and temporal frontal 


cortex; (4) calcinosiderosis; (5) neuroaxonal 
"spheroids'' 
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Table 3.— Autopsy Details by Clinical Groups" (cont) 


Age, y 
Clinical l AE oc 
Diagnosis Infarct Ischemic At At Duration of 
and Case No. Pathologic Diagnosis and Findings Localization Score Death Onset lliness, y 


(1) Alzheimer's disease; (2) mild congophilic 
angiopathy; (3) occasional neuroaxonal 
"spneroids''; (4) Lewy inclusion bodies 


(1) Alzheimer's disease; (2) mild atherosclerosis 
(circle of Willis); (3) moderate hyperplasia of 
right vertebral artery 


(1) Alzheimer's disease; (2) status spongiosus 
in mesial temporal and frontal neocortex; 
(3) congenital hyperplasia of right vertebral 
artery 


(1) Alzheimer's disease; (2) idiopathic 
Parkinson's disease; (3) mild atherosclerosis 
(cirele of Willis); (4) severe calcinosiderosis 
of arteries 


(1) Alzheimer's disease; (2) moderate 
atherosclerosis (circle of Willis); (3) mild 
calcinosiderosis of capillaries 


(1) Alzheimer's disease; (2) status spongiosus 
in inferior temporal cortex and amygdala; (3) 
Lewy bodies, modest amounts in left 
substantia nigra 


25 <1) Alzheimer's disease None 0/18 72 60 12 





(1) Alzheimer's disease; (2) minimal 
atherosclerosis (circle of Willis); (3) marked 
status spongiosus in amygdala 


X1) Alzheimer's disease; (2) mild 
atherosclerosis; (3) benign small meningioma 
in falx cerebri; (4) minimal calcinosiderosis 


(1) Alzheimer's disease; (2) mild status 
sponagiosus, amygdala; (3) rare Lewy 
inclusion bodies, substantia nigra 


(1) Alzheimer's disease; (2) severe 
atherosclerosis (circle of Willis); (3) modest 
état lacunaire in globus pallidus; 

(4) hypoplasia of left vertebral artery; 
(5) mild calcinosiderosis 


(1) Alzheimer's disease; (2) incidental right Hemorrhagic subacute infarction in 
fronial meningioma; (3) moderate left middle cerebral territory 
atherosclerosis; (4) subdural hemorrhage 


11) Alzheimer's disease; (2) severe Old microscopic multiple infarcts in 
atherosclerosis (circle of Willis); left hippocampus and left second 
(3) congophilic angiopathy frontal gyrus 


(1) Alzheimer's disease; (2) mild atherosclerosis Small hemorrhagic infarct in 
(circle of Willis) superior cerebellar vermis; tiny 
infarct in left cerebellar cortex 


11) Alzheimer's disease; (2) mild status 
spomgiosus in amygdala and hippocampus; 
(3) minimal atherosclerosis (circle of Willis); 
(4) mild calcinosiderosis 


11) Alzheimer's disease; (2) congophilic 
angiopathy in hippocampus, frontal and 
temporal cortex; (3) moderate 
calcinosiderosis 


35 11) Alzheimer's disease None 1/18 91 86 5 





11) Alzneimer's disease; (2) minimal 
atherosclerosis (circle of Willis); 
(3) ealcinosiderosis of hippocampus and 
globus pallidus 


11) Alzheimer's disease; (2) severe congophilic Old small microinfarcts in left 
angiopatny in hippocampus, frontal, temporal, inferior temporal gyrus and middle 
and occipital cortex; (3) mild atherosclerosis frontal gyrus 
(circle of Willis) 


38 71) Alzheimer’s disease None 1/18 65 57 8 





71) Atherosclerosis (circle of Willis), mild état Old moderate infarct in left middle 
lacunaire in corpus striatum; (2) Alzheimer's cerebral artery; old microscopic 


disease; (3) mild congophilic angiopathy in infarct in left amygdala; multiple 
frontal cortex; (4) calcinosiderosis of small lacunar infarcts in basal 
artesioles, globus pallidus ganglia 





(con*inued on p 28) 
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Clinical 
Diagnosis 
and Case No. 


Pathologic Diagnosis and Findings 


(1) Severe patchy atherosclerosis (circle of 
Willis); (2) modest patchy hypertensive 
arteriolosclerosis; (3) bilateral organizing 
subdural hematomas; (4) moderate cerebral 
atrophy; (5) moderate right subfalcine and 
right uncal herniation; (6) moderate number of 
senile plaques; (7) focal pallidal 
calcinosiderosis 


[TERN NTCIUERATOCIÓS Mer; 





1 
` à 


(1) Alzheimer's disease; (2) mild pallidal 
calcinosiderosis; (3) minimal atherosclerosis 
(circle of Willis) 


(1) Alzheimer's disease; (2) mild focal status 
spongiosus in inferior temporal cortex, 
amygdala, and substantia innominata; 

(3) occasional Lewy bodies; (4) small AVM in 
right frontal gyrus 


T 


Payer 7 
^ ` 


(1) Alzheimer's disease; (2) mild patchy 
atherosclerosis (circle of Willis); (3) mild 
calcinosiderosis in paradentate white matter, 
hippocampus, and pallidal arteries; (4) rare 
Lewy bodies; (5) occasional neuroaxonal 
"spheroids'' 


(1) Alzheimer's disease; (2) severe patchy 
atherosclerosis (circle of Willis) 


(1) Hallervorden-Spatz disease; (2) minimal 
patchy atherosclerosis (circle of Willis); 
(3) occasional neurofibrillary tangles in 
hippocampal cortex; (4) moderate 
granulovacuolar degeneration in hippocampal 
cortex 


(1) Severe atherosclerosis with occlusions in 
right posterior cerebral artery and left middle 
cerebral artery; (2) neuritic (senile) plaques in 
middle frontal gyrus; (3) hyperplasia of right 
posterior cerebral artery 


Oc PECTUS ES Temm 


7 
^ 


47 (1) Alzheimer's disease 


(1) Slight atherosclerosis (circle of Willis); (2) 
Alzheimer's disease; (3) status spongiosus in 
amygdala 


(1) Glioblastoma multiforme; (2) chronic 
subdural hematomas bilaterally; (3) mild 
cerebral atrophy; (4) occasional Alzheimer's 

E changes; (5) minimal atherosclerosis (circle 

of Willis) 


(1) Huge cavum septi pellucidi; 

n (2) marked hydrocephalus; (3) modest 
ia Alzheimer's changes; (4) minimal 

T atherosclerosis (circle of Willis) 


5 51 


a EDUC anm 


(1) Alzheimer's disease; (2) mild 
calcinosiderosis of arteries 


(1) Alzheimer's disease; (2) status spongiosus 
in inferior temporal cortex and calcarine 
cortex; (3) severe calcinosiderosis of pallidal 
arteries 


(1) Atherosclerosis (circle of Willis); 
(2) Alzheimer's disease 


mc prt 


(1) Atherosclerotic cerebrovascular disease with 
thrombi in small arteries of amygdala, pes 


hippocampi, and hypothalamus; 
anoxic-ischemic encephalopathy of 
hippocampus; mild état lacunaire in thalami 
and corpus striatum 


(1) Atherosclerosis (circle of Willis) with severe 
stenosis of both posterior cerebral arteries; 
(2) Alzheimer's disease; (3) idiopathic 
Parkinson's disease 
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Infarct 
Localization 


Old multiple infarct in cerebellar 


hemispheres; small cortical 
infarct in left parietal white 
matter; severe infacts in 
hippocampal formations; bilateral 
infarcts in left prefrontal 
neocortex 


Moderate état lacunaire in corpus 


striatum and thalamus; 
microscopic infarcts in left 
putamen and left cerebellar 
cortex 


Old infarct in left putamen; cystic 


infarct in left caudate and left 
interral capsule 


Old infarct in right temporal lobe; 


large infarcts in left hippocampus 
and inferior temporal gyrus; small 
infarcts in left occipital lobe and 
left thalamus 


None 


Several old and recent hemorrhagic 
infarcts in right frontal lobe; acute 


right frontoparietal hemorrhagic 
infarct 


Old extensive infarct in left temporal 


lobe (middle cerebral artery 
territory) 


None 


None 


Old infarcts in left temporal and 


occipital lobes (posterior cerebral 
artery) 


Old small infarcts in hippocampal 


cortex, left thalamus, and left 
putamen; mild état lacunaire in 
thalami and corpus striatum 


Old large infarcts (right posterior 


cerebral artery and left anterior 
cerebral artery territories): old 
small infarct in left occipital lobe; 
old microscopic infarct in left 
hippocampus 


Ischemic 
Score 


4/18 
5/18 


5/18 


4/18 


Table 3.—Autopsy Details by Clinical Groups* (cont) 


Age, y 
Oo cn 
At At 
Death Onset 


Duration of 
lliness, y 





75 67 8 





80 73 7 
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Table 3.—Autopsy Details by Clinical Groups* (cont) 


Pathologic Diagnosis and Findings 


(1) Alzheimer's disease; (2) minimal congophilic 
angiopathy, hippocampal formation 


(1) Focal marked hypertensive arteriolosclerosis 
in basal ganglia; (2) Alzheimer's disease; (3) 
marked left pallidal calcinosiderosis; (4) 
occasional Lewy bodies in left substantia 
nigra; (5) minimal patchy Purkinje cell dropout 
in superior cerebellar vermis 

(1) Alzheimer's disease; (2) moderate patchy 
atherosclerosis (circle of Willis); (3) mild 
focal amyloid angiopathy in frontal cortex; 

(4) calcinosiderosis in left basal ganglia and 
paradentate hippocampal white matter 


(1) Severe atherosclerosis (circle of Willis); 
(2) rare neurofibrillary tangles 


Age, y 
—— 
At At 
Death Onset 


Ischemic 
Score 


Infarct 
Localization 


Small old infarct in left occipital 
lobe; old right parieto-occipital 
infarct 


Multiple old lacunae in left corpus 
striatum, left internal capsule, left 
substantia innominata, and basis 
pontis; old small infarct in left 
cingulate gyrus 


Etat criblé in frontal white matter; 
old infarct in posterior white 
matter of left frontal lobe; large 
right parietal lobes and 
microscopic left putaminal infarcts 

Huge infarct in left frontal, temporal, 
and parietal lobes; several small 
infarcts in right occipital lobe and 


Duration of 
lliness, y 


Greutztel-t- 
Jakob disease 


60 (1) Spongiform encephalopathy; 


Creutzfeldt-Jakob disease 


(1) Spongiform encephalopathy, 


Creutzfeldt-Jakob disease 


Progresswe 
supramuciear palsy 


left superior frontal gyrus 


62 (1) Steele-Richardson-Olszewski syndrome; 
(2) moderate Alzheimer’s changes 


Pseudcdementia 


63 (1) Metabolic encephalopathy; (2) occasional 


None 


Alzneimer's changes in corpus striatum, 
amygdaloid nucleus, thalamus, and 


hypothalamus 
Possible 
Humtmgton's disease 
or Pick's disease 
(1) Pick’s disease 


(1) Parkinson's disease, idiopathic type; 
(2) occasional Alzheimer’s changes 





*DAT indisa:ss dementia of the Alzheimer type; MID, multi-infarct dementia; mixed, DAT and MID; and AVM, arteriovenous malformation. 


Our success in the clinical diagnosis 
of DAT issiaghtly better than the 82% 
confirmation reported by Sulkava et 
al, but the numbers in both studies 
are relatively small. We will continue 
to reiate eur clinical material to post- 
mortem evidence as it becomes avail- 
able. The present study was undertak- 
en to complement other publications** 
from the UWO Dementia Study 
Group, waich depend, to some extent, 
on the aceuracy of clinical diagnosis. 


This study was supported in part by grant 
AGNS 03047 irom the US National Institute of 
Aging, Bethesda, Md; grant PG/21 from the 
Medical Research Council of Canada, Ottawa, 
Ontario, and grant 6606-2889-44 from the 
National Health Research and Development Pro- 
gram of the Department of Health and Welfare 
Canada, Ottawa, Ontario. 

The pathelagic study was undertaken by M. J. 
Ball, MD. We ‘hank all the members of the UWO 
Dementia Croup for their support and encour- 
agement. 
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Interobserver Variation in Computed 
Tomography of the Brain 


Donald Lee, MB; Allan Fox, MD; Fernando Vinuela, MD; David Pelz, MD; 
Catherine Lau, BScN; Alan Donald, PhD; Harold Merskey, DM 


@ As part of the University of Western 
Ontario Dementia Study, the computed 
tomographic brain scans of 16 patients 
were reviewed by three neuroradiolo- 
gists. The size of the ventricles and sulci 
were rated using a six-point scale. Infarc- 
tion and white matter changes were 
assessed in accordance with specified 
criteria. The interobserver correlations in 
this small series were statistically signifi- 
cant in 17 of 20 items, and good or 
acceptable for infarction, leuko-araiosis, 
and ventricular size. It is suggested that 
the use of rigid criteria for the definition 
of abnormality helps to promote interob- 
server agreement. 

(Arch Neurol 1987;44:30-31) 


White matter changes are often 

seen on computed tomographic 
(CT) scan or magnetic resonance 
images (MRI) of the brain in elderly 
or demented subjects.'? These changes 
are frequently found in association 
with infarction.? To determine the 
consistency of interpretations be- 
tween observers of brain CT scans, 
three neuroradiologists reviewed 
scans from 16 randomly selected 
patients. The material was drawn 
from films obtained in a population 


Accepted for publication Sept 17, 1986. 

From the Department of Diagnostic Radiolo- 
gy, University Hospital (Drs Lee, Fox, Vinuela, 
and Pelz), the Department of Education and 
Research, London Psychiatric Hospital (Ms Lau 
and Dr Merskey), and the Department of Epide- 
miology and Biostatistics, University of Western 
Ontario (Dr Donald), London, Ontario. 

Reprint requests to Department of Education 
and Research, London Psychiatric Hospital, 850 
Highbury Ave, PO Box 2532, Terminal “A,” Lon- 
don, Ontario N6A 4H1, Canada (Dr Merskey). 


30 Arch Neurol—Vol 44, Jan 1987 


undergoing longitudinal study and 
assessment by the University of West- 
ern Ontario Dementia Study Group, 
London, Ontario.** The procedure was 
repeated in the present study and 
extended to include estimates of sul- 
cal and ventricular size. 


METHODS 


All CT scans were performed on a third- 
generation CT scanner (GE 8800) using 
10-mm slice thickness; 5-mm contiguous 
slices were obtained through the temporal 
lobes. No contrast material was used, and 
scan times were 9.6 s per slice. 

The scans were interpreted from films 
separately by the three neuroradiologists 
who had defined and agreed on criteria for 
assessment. The scans were evaluated for 
the presence, location, and size of infarc- 
tion and other white-matter low densities, 
as well as for the presence, location, and 
degree of sulcal and ventricular dilatation 
on a six-point scale. Low densities in the 
cerebral hemispheres were interpreted as 
infarction by the readers when they were 
well-defined, and involved the cortical and 
subcortical areas in a wedge-shaped fash- 
ion. Deep, more rounded (lacunar) areas of 
low density were also recognized as infarc- 
tion. There was usually associated enlarge- 
ment of overlying cortical sulci when the 
infarct was peripheral, or ipsilateral 
enlargement of the underlying ventricle 
when it was large or when it was located 
close to the ventricle. Areas of low density 
in the white matter were termed leuko- 
araiosis* when they were ill-defined, focal, 
or confluent, and found in a periventricu- 
lar or deep white-matter position. For spe- 
cific localization, sylvian sulci, low convex- 
ity (corresponding te low frontal) sulci, 
high convexity (high frontoparietal) sulci, 
and retrosylvian (temporo-occipital) sulci 
were evaluated separately. Ventricular 
dilatation was also evaluated separately 
for right and left sides, the temporal horns, 
the rest of the lateral ventricles, and the 


third ventricle. A weighted « analysis was 
used on the results.’ 


RESULTS 
Correlation between the three 
observers was highly significant 


(P < .001) for the presence, number, 
size, site, and side of the infarct, as 
well as for the type of leuko-araiosis, 
ventricular size, and size of low-con- 
vexity sulci. Interobserver corre- 
lation was also significant for the 
presence of leuko-araiosis (P <.01) 
and for three of the remaining 
six cortical sulci (P < .05), ie, both 
retrosylvian and the right high-con- 
vexity sulcus. 

The degree of agreement, as indi- 
cated by the raw overall « is good for 
infarct, and is good or acceptable for 
dimensions of the ventricles and for 
leuko-araiosis. Although the agree- 
ment is statistically significant 
(P «.05 or better) for most of the 
suleal measures, these are the least 
satisfactory. 


COMMENT 


While this is a small series, at least 
15 different items were evaluated in 
each of 16 cases by three separate 
observers. Approximately 750 differ- 
ent observations were recorded, and 
the degree of interobserver correla- 
tion observed was high, as it was in 
our other report on the recognition 
and significance of leuko-araiosis in 
control subjects? A similar study 
evaluating interobserver variations 
and interpretations cf 100 abdominal 
CT scans found good concordance in 
all but one area.* That study and both 
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’ 


of ours are comparable with the inter- 
observer variations found in studies of 
chest roentgenograms of 21.5%,’ at 
least with respect to infarction and 
ventrcle size, and to some extent, to 
leuko-ara:osis. Some of the agreement 
here may be due to the strict criteria 
used for the definition of infarction 
and l»uko-araiosis, as well as the use 
of six-poimt scales for the degree of 
sulea anc ventricular enlargement. 

Our study does not deal with the 
accuracy of interpretation with 
respect tc the underlying lesion; that 
woule require either correlation of the 
imag= with pathology or with a simu- 
lated pathoiegic model. 

There has been some discussion 
concerning the imaging of leuko- 
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araiosis. ^^! Perhaps these white- 
matter changes can be imaged more 
accurately with magnetic resonance. 
It has commonly been believed that 
the changes are due to deep white- 
matter ischemia or infarcts'? caused 
by the arteriosclerotic changes in the 
deep medullary perforating arteries, 
although this has not been proved in 
many cases of clinically diagnosed 
dementia. More recently, pathologic 
evidence? has suggested that these 
changes may be attributable to edema 
or demyelination or microinfarcts, 
among other causes. ` 

In conclusion, good correlation was 
achieved between observers for most 
of the brain CT phenomena studied 
here, including the presence and situ- 
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ation of hemisphere infarction or leu- 
ko-araiosis, and the degree of cerebral 
atrophy as evaluated Ly ventricular 
size. Significant correlations were 
obtained for suleal size but without a 
high degree of agreement in all 
cases. 
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Cognitive and Neurologic Findings in Subjects With 
Diffuse White Matter Lucencies on 
Computed Tomographic Scan (Leuko-Araiosis) 


Allan Steingart, MD; Vladimir C. Hachinski, MD; Catherine Lau, BScN; Allan J. Fox, MD; 


Fernando Diaz, MD; Ronald Cape, MD; Donald Lee, MB; Domenico Inzitari, MD; Harold Merskey, DM 


e As part of a prospective clinicopath- 
ologic study, a cohort of 105 “normal” 
elderly volunteers was investigated with 
computed tomographic scans, psycho- 
metric testing (Extended Scale for 
Dementia [ESD]) and neurologic examina- 
tion. Computed tomographic scans were 
evaluated for the presence or absence of 
white matter lucencies, termed /euko- 
araiosis. These are defined as patchy or 
diffuse areas of decreased attenuation 
involving only white matter and with no 
change in adjacent ventricles or sulci. The 
nine controls with leuko-araiosis had low- 
er scores on the ESD than the 96 controls 
without leuko-araiosis (mean ESD with 
leuko-araiosis, 227.1 + 14; without leu- 
ko-araiosis, 237.1 + 8), and the differ- 
ence remains significant even after 
adjusting for the possible confounding 
effects of age, sex, education, and infarct 
detected on computed tomography. Sig- 
nificant differences were also found com- 
paring subjects with leuko-araiosis and 
those without in respect to abnormal gait, 
limb power, plantar response, and the 
rooting and palmomental reflexes. Leuko- 
araiosis may represent a marker for early 
dementia. The pathophysiology of this 
finding remains uncertain. Our results 
suggest that white matter abnormalities 
play a role in the development of intellec- 
tual impairment in the elderly. 

(Arch Neurol 1987;44:32-35) 
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(Computed tomography (CT) of the 

brain can identify diffuse areas of 
decreased attenuation in the deep 
white matter. The term leuko-araio- 
sis! will be used in this article to 
denote these patchy white matter 
lucencies. 

The presence of  leuko-araiosis 
found on CT scans has been attributed 
to Binswanger's encephalopathy, hy- 
drocephalus, watershed infarction, 
and "normal" aging.** Case reports 
indicate that patients with this find- 
ing may suffer from a wide range of 
vague and nonspecific complaints as 
well as dementia.*? Several studies 
have reported an increased prevalence 
of white matter lucencies in the elder- 
ly.28!01! However, the association of 
leuko-araiosis with cognitive impair- 
ment remains uncertain. 

This study is part of a more exten- 
sive cohort-analytic investigation, the 
University of Western Ontario, Lon- 
don, Dementia Study." The focus of 
this article is a comparison of the 
results of the neurologic and psycho- 
metric assessments performed on 
elderly controls, with and without leu- 
ko-araiosis. 


SUBJECTS AND METHODS 
Subjects 


Volunteers were recruited from a com- 
munity mailing and two preexisting but 
now completed studies on the aging 
heart!?!^ and on exercise in retirees. Sub- 
jects were excluded if there was evidence of 
dementia, using criteria from the Diagnos- 
tic and Statistical Manual of Mental Disor- 
ders.'* They were also excluded if there was 
a diagnosis of stroke, defined as any isch- 
emic neurologic deficit lasting longer than 
24 hours. 


Methods 


After subjects had given informed con- 
sent, they were investigated with a CT 
scan, psychometric testing, and a neurolog- 
ic examination. 

A third-generation CT scanner (General 
Electric 8800), set for 1-cm section thick- 


ness, was used. One of the authors (A.J.F.) 
interpreted all of the CT scan results, blind 
to the clinical status of the subjects. The 
CT scans were evaluated for the presence 
or absence of leuko-araiosis and infarcts 
(see Table 1 for the criteria used). Typical 
examples of leuko-araiosis on CT are illus- 
trated in the Figure. 

A separate study to assess the reliability 
of the CT scan interpretations was con- 
ducted using a subsample of CT scans. 
Three experienced neuroradiologists were 
asked to independently assess the same 16 
CT scans for the presence or absence of 
leuko-araiosis and infarcts. Agreement 
between raters was determined using the x 
statistic." The mean pairwise « was 0.67 for 
presence or absence of leukc-araiosis, and 
0.57 for presence or absence of infarcts. 
These « values represent moderate to sub- 
stantial agreement between raters.'* 

All participants were assessed by psy- 
chometric staff using the Extended Scale 
for Dementia (ESD)." This instrument 
requires 45 to 60 minutes to administer. It 
was developed for the purpose of the Uni- 
versity of Western Ontario, London, 
Dementia Study, through the expansion 
and rescoring of the Mat-is Dementia 
Scale,” and consists of 23 subtests covering 
verbal and performance abilities. Valida- 
tion studies have reported high levels of 
internal consistency and test-retest reli- 
ability. The maximum score is 250 points, 
with a lower score reflecting a higher 
degree of cognitive impairment. The aver- 
age score in a sample of demented patients 
was 100." 

Each subject underwent a systematized 
physical and neurologic examination (the 
form used is available on request). Sub- 
jects were initially assessed by a study 
physician, and all examinations were 
reviewed by a neurologist (V.C.H.). The 
findings of the neurologic examinations 
were given global ratings and classified as 
either normal or abnormal in terms of 
muscle tone, muscle power, stretch 
reflexes, and gait. Involuntary movements, 
plantar responses, and primitive reflexes 
(rooting, sucking, snout, glabellar, corneo- 
mandibular, palmomen:al, and labioauri- 
cular) were rated as present or absent. In 
the history, complaints of mental impair- 
ment and symptoms of urinary inconti- 
nence were recorded. Subjects were also 
asked about any history o? psychiatric 
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illness, hz pz27tension, diabetes, angina pec- 
toris, anc myocardial infarction. 


Statistical Analyses 


Univarta.e analysis was based on two- 
tailed t tess for age. blood pressure, and 
ESD scoze comparisons. The results are 
reperted as means + SDs. The x? statistic 
waswsed far dichotomous outcomes on the 
neu»ologie =xamination. All probabilities 
are reporta without adjusting for the 
number cf omparisons performed, but all 
compariser= are reported. Extended Scale 
for Dementia seores were adjusted for the 
effeets of aze using the analysis of covari- 
ance (ANCOVA) method? All analyses 
were performed using the Statistical Pack- 
age Tor theZSocial Sciences." 


RESULTS 


The 10: participants included 49 
women arx 56 men. Their mean age 
and SD was 71.2 + 5.8 years, ranging 
from 59 tc 91 years of age. Forty-two 
persent kave some post-secondary 
scheol ecvccation. Nine of the 105 sub- 
jects were found to have leuko-araio- 


sis, yielding a prevalence of 8.6%. 

Table 2 summarizes the character- 
istics of subjects with and without 
leuko-araiosis. In the univariate anal- 
ysis, age was found to have a statisti- 
cally significant association with the 
presence of leuko-araiosis (P < .025). 
A Pearson correlation between age 
and leuko-araiosis was also signifi- 
cant (r = .23, P < .01), indicating that 
advanced age is associated with an 
increased prevalence of leuko-araio- 
sis. 

The results of the medical history 
and neurologic examination are sum- 
marized in Table 3. Subjects with leu- 
ko-araiosis were no more likely than 
subjects without leuko-araiosis to 
complain of cognitive impairment, 
depression, or urinary incontinence. 
However, abnormal gait was found in 
22.2% (2/9) of the subjects with leuko- 
araiosis, compared with 4.275 (4/96) 
of those without leuko-araiosis. Limb 
power was abnormal in 33.3% (3/9) of 














Well dem -rcated 

Wedge-sl=ped 

Usually c«ertical extension 

Follows-s--ecific vascular territory 

Ieternal-c psule, basal ganglia, or thalamus 
may »esinvolved 

Enlargement of ipsilateral ventricle or sulcus 


Table 1.—Interpretation of Computed Tomography: 
Criteria for Distinguishing Infarcts and Leuko-Araiosis 


Infarct Leuko-Araiosis 


ill-defined, patchy, diffuse 
White matter only, without extension to cortex 
Ventricle and sulcus unchanged locally 


leuko-araiosis subjects, compared 
with 5.2% (5/96) in subjects without 
leuko-araiosis. Subjeets with leuko- 
araiosis had a rooting reflex in 33.3% 
(3/9) and a palmomental reflex in 
77.8% (7/9) of the cases, as compared 
with 9.4% (9/96) and 40.6% (39/96), 
respectively, in subjects without leu- 
ko-araiosis. Finally, an abnormal 
plantar response wes detected in 
11.1% (1/9) of subjeets with leuko- 
araiosis, and in only 1% (1/96) of 
subjects without leukc-araiosis. All of 
these differences wer»? significant at 
or below the P = .05 level. Twenty-one 
other comparisons that were made 
were not statistically significant. 

The difference in mean systolic 
blood pressure between subjects with 
leuko-araiosis (163 + 28 mm Hg) 
and subjects without leuko-araiosis 
(150 + 19 mm Hg) approached statis- 
tical significance (P = .056). 

The mean total score on the ESD 
for subjects with leuko-araiosis was 
significantly lower taan the mean 
total score for subjects without leuko- 
araiosis, at 227.1 + 14 and 237.1 + 8, 
respectively (P « .02). Since both the 
presence of leuko-araiesis and perfor- 
mance on the ESD are associated with 
age, we adjusted for tke effects of the 
latter by using ANCOVA. A signifi- 
cantly lower total score on the ESD 
was found in subjeczs with leuko- 
araiosis, even after the adjustment 
for age was made (Table 4). 

A comparison of scores on each of 


Fepresentative computed tomographic scan depicting leuko-araiosis. Scan is from male subject; arrows point to aEnormal 
ereas of ill-defined low density in white matter. 
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the ESD subtests revealed significant 
differences between subjects with and 
without leuko-araiosis on two of the 
23 items after adjusting for age. These 
items were: No. 12, sentence construc- 
tion and memory; and No. 13, orienta- 
tion for time (P « .02). Table 4 sum- 
marizes the instructions for each item 
as well as the unadjusted and age- 
adjusted mean scores. The 95% confi- 


dence intervals for each age-adjusted 
mean score were also included in 
Table 4. 

Subjects with leuko-araiosis were 
found to have significantly lower total 
scores on the ESD after education, 
sex, infarct found on CT, and age were 
taken into account using these vari- 
ables as covariates in the ANCOVA 
(P = .013) (Table 5). Table 5 also 


Table 2.— Selected Characteristics of Subjects With and Without Leuko-Araiosis " 


Leuko-Araiosis 


T TT ———. 


Age, y means + SDs 


Female 


Highest level of education, % 
Grade school or less 


Postsecondary or secondary 


75.3 + 8.2 


No 
70.8 + 5.4 





* Data from nine patients with leuko-araiosis, 96 without. 


tData from two-tailed ft test. 
NS indicates not significant. 





Selected systems review, % 
Complaints of mental impairment 


Depression 





Urinary incontinence 
Alcohol (4 drinks per week) 
Smoker 


History, % 
Hypertension 


Diabetes 

Angina pectoris 

Prior myocardial infarction 
Prior psychiatric illness 


Neurologic examination, % 
Motor function 
Involuntary movements 


Abnormal gait 
Abnormal tone in limbs 
Abnormal power in limbs 


Primitive reflexes present, % 
Glabellar 


Snout 
Root 
Suck 
Corneomandibular 
Labioauricular 
Palmomental 


Other reflexes 
Abnormal deep tendon reflexes 


Abnormal plantar response 


Mean blood pressure, mm Hg 
Systolic 


Diastolic 


Other computed tomographic findings, % 
Infarct 


Table 3.—Results of Neurologic Assessment * 








Leuko-Araiosis 























44.4 32.3 NS 
o 12.5 NS 
22.2 9.4 NS 
0 28.0 NS 
0 11.5 NS 
33.3 31.3 NS 
0 11.5 NS 
22.2 8.3 NS 
0 4.2 NS 
ie 5.2 NS 
22.2 8.3 NS 
22.2 4.2 «.025t 
0 1.0 NS 
33.3 5.2 «.05t 
0 5.2 NS 













0 1.0 NS 
22.2 7.3 NS 
77.8 40.6 «.O3t 
55.6 57.3 NS 
11.7 1.0 «.O3t 









* Data from nine patients with leuko-araiosis, 96 without; NS indicates not significant. 
tData from x? statistics. 
Data from two-tailed f test. 


34 Arch Neurol—Vol 44, Jan 1987 


shows that age and education had a 
significant relationship with ESD 
scores. 


COMMENT 


The major findings of this study are 
the demonstration that the presence 
of leuko-araiosis is associated with a 
measurable decline in cognitive func- 
tion, as well as with motor and reflex 
deficits. Although none of the subjects 
with leuko-araiosis were diagnosed 
with dementia, our findings suggest 
that there is an important relation- 
ship between leuko-araiosis and men- 
tal impairment. This finding did not 
appear when we merely compared the 
control group with demented patients 
for the presence or absence of leuko- 
araiosis, once confounding factors 
were eliminated.” It results from the 
use of a quantitative psychological 
test. 

We found a remarkably high per- 
centage of CT scans with evidence of 
leuko-araiosis, namely 8.6% of 105 
subjects. This is particularly striking 
in a sample selected for absence of 
dementia and with no history of cere- 
brovascular disease. Studies based on 
reviews of CT scans ordered for inves- 
tigation of neurology patients seen in 
neuroradiology centers report rates of 
leuko-araiosis incidence ranging up- 
ward from 0.1%.: Diagnostic criteria 
for leuko-araiosis were not always 
explicit in these case series reports, 
and this makes comparisons between 
studies difficult. In this article and in 
a companion article on reliability,” we 
have shown that agreement can be 
established for leuko-araiosis between 
observers. Another factor that might 
help to account for the high preva- 
lence of leuko-araiosis that we 
observed is the age distribution of the 
subjects. The rise in prevalence of 
leuko-araiosis with inereasing age has 
been reported by other investiga- 
tors?!" and was replicated in our 
study. It is also possible that individu- 
als with early symptoms of cognitive 
impairment were more likely to vol- 
unteer for the study, and that this 
group has a disproportionate number 
of subjects with CT scan abnormali- 
ties. However, more than two thirds 
of the participants denied subjective 
complaints of memory impairment. 
Our results suggest that leuko-araio- 
sis is more common in the elderly 
than was previously suspected. 

Abnormal neurologic findings in 
the elderly must be interpreted with 
caution. More than half of the sub- 
jects with normal CT scans were 
found to have abnormalities on neuro- 
logic assessment. Nevertheless, dif- 
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F = 5n "à F 


Age-Adjusted 


No 


Age-Adjusted 
(95% CI) 
236.9 (235.1-238.7) 


(95% CI) 
228.7 (222.7-234.6) 


Description 
Total scos 


lem Ne. 12: Sentence 
construcion and memoryt 
lem Nc. 13: Orientation to 
timed 
* Pata from nine patients with leuko-araiosis, 96 without; Cl indicates confidence interval. 
tlestructiome for item No. 12: Ask patient to remember sentence, ‘‘The boy has a brown dog." Then ask 
patient towmake up a sentence using the words man and car. Finally, ask patient to recall sentences later. 
Score two points for creating senterce, eight points for each complete sentence recalled or two points each 
for E»y, com, Drown, three points eech for man and car (maximum, 18). 
timstructions foritem No. 13: Ask for the following information: Day of week, date, month, year. Score four 
poins for-eaet correct answer, two points for date within three days. 


227.1 237.1 


12.4 12.9 (11.1-14.7) 12.9 16.9 (16.3-17.5) 





14.4 14.6 (13.9-15.3) 14.6 15.8 (15.6-16.0) 


Tabie 5.—Results of Analysis of Covariance Using Age, Education, Infarct on 


Computed Tomography, and Sex as Covariates 





Regression 
Coefficient 


—0.465 


Covariate 


F P 
àge ' 8.80 .004 


Education * 


1.724 4.80 


.031 
mfarct or computed tomography 0.482 0.01 .920 
Sex (males, 1; females, 2) —0.220 0.02 .900 
Main effect leuko-araiosis ix 6.35 .013 


* Education coded as follows: no education, 0; incomplete public school, 1; complete public school to grade 
&, 2 complete secondary school to grade 13, 3; post-secondary school, 4. 


ferences between subjects with and 
without lewko-araiosis were observed 
(Table 3). In contrast to Goto,* we did 
not find zn association between the 
presenee cf leuko-araiosis and urinary 
incentinenee. However, subjects with 
leuko-araimsis were more likely to 
have abnormal gait, limb power, and 
plantar responses. [n addition, a high- 
er proportion of subjects with leuko- 
araosis were found to have positive 
palmomental and rooting reflexes 
than these without leuko-araiosis. As 
would be expected from a diffuse 
lesion e? white matter, these findings 
are nonspecific and consistent with a 
wide range of neurologic disorders. 

The item analysis of the ESD sug- 
gests that subjects with leuko-araio- 
sis performed poorly on tie time ori- 
entatior and sentence construction 
anc memory tasks (Table 4). These 
twe items may be particularly sensi- 
tive indexes of early intellectual 
decline associated with levko-araiosis. 
However, :he ESD was designed to 
discriminate demented from nonde- 
meated imdividuals using the total 
score,” imd more comprehensive neu- 
ropsycholozical testing is required 
before the deficits associated with 
leuxo-araiesis ear be clearly speci- 
fec. 

The significance of the site and size 
of white matter abnormalities was 
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not examined in this study. Larger 
numbers of subjects would be 
required to investigate subgroups of 
leuko-araiosis. It is hoped that future 
research can be directed toward more 
complete neuropsychological assess- 
ment and delineation of CT scan 
abnormalities. 

In conclusion, leuko-araiosis ap- 
pears to be a relatively common find- 
ing on CT scan of elderly individuals. 
The presence of leuko-araiosis is asso- 
ciated with a decline in memory and 
intellectual function that can be 
detected using the ESD. Leuko-araio- 
sis may represent a marker for early 
vascular dementia, but regardless of 
the possibly heterogeneous etiology of 
this condition, our results suggest 
that white matter abnormalities play 
a significant role in the development 
of intellectual impairment. 
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Cognitive and Neurologic Findings in Demented Patients 
With Diffuse White Matter Lucencies on Computed 
Tomographic Scan (Leuko-Araiosis) 


Allan Steingart, MD; Vladimir C. Hachinski, MD; Catherine Lau, BSeN; Allan J. Fox, MD; 


Hannah Fox, MBBS; Donald Lee, MB; Domenico Inzitari, MD; Harold Merskey, DM 


€ A series of patients referred to the 
University of Western Ontario, London, 
Dementia Study for investigation of pos- 
sible dementia underwent computed 
tomographic scans, psychometric testing 
(Extended Scale for Dementia [ESD]), and 
neurologic examination. Thirty-nine of the 
113 patients studied (ischemic score, 
<4) were found to have leuko-araiosis, 
which we have defined as patchy or dif- 
fuse lucencies in the white matter. 
Patients with leuko-araiosis had signifi- 
cantly lower mean scores on the ESD, 
109.7 + 61.2, compared with mean 
scores of 148.5 + 78.0 in those without. 
However, only a trend toward lower 
scores on the ESD was observed when 
age, sex, education, and infarct were 
taken into account in the analysis of 
covariance. Leuko-araiosis was found to 
be associated with increasing age, hyper- 
tension, abnormalities of power in the 
limbs, and extensor-plantar responses in 
this sample of patients. In patients with 
Alzheimer's disease (AD) alone, diag- 
nosed clinically, 29 out of 91 demon- 
strated  leuko-araiosis on computed 
tomography, but scores on the ESD in this 
group overall were not significantly differ- 
ent when those with and without leuko- 
araiosis were compared. In less advanced 
cases, however, a highly significant trend 
was evident for leuko-araiosis to be asso- 
ciated with increased dementia in AD. The 
results are consistent with the hypothesis 
that leuko-araiosis is associated with 
dementia in AD, and that this is either 
most marked or most easily identifiable 
before the dementia becomes very 
severe. 

(Arch Neurol 1987;44:36-39) 
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We have noted in a companion arti- 

cle! that the term leuko-araiosis 
describes rarefaction of the white 
matter, or deep white matter lucen- 
cies, seen on computed tomographic 
(CT) scan, and that the cause or 
causes are not determined. Further, in 
our series of control subjects,? leuko- 
araiosis affected 8.6% of subjects and 
is linked with intellectual decline as 
well as motor and reflex neurologic 
changes. Brun and Englund? describe 
comparable pathologic findings in 
60% of autopsy examinations on 
patients with dementia of the Alz- 
heimer type. We report here the rela- 
tionship between the psychometric 
test performance and neurologic find- 
ings in a series of patients with and 
without leuko-araiosis. 


SUBJECTS AND METHODS 


The participants in this study represent 
a selected sample of patients from a cohort 
analytic study of Alzheimer’s disease 
(AD), the University of Western Ontario, 
London (UWO) Dementia Study.‘ Patients 
with suspected dementia were referred to 
the study by general practitioners, neurol- 
ogists, psychiatrists, geriatricians, and the 
local Alzheimer Society. After consent was 
obtained, each patient underwent a neuro- 
logic examination, psychometric testing, a 
CT scan, and an electroencephalogram. 

The neurologic examination included 
completion of the ischemic score, from a 
13-item rating scale used to identify 
patients with  multi-infarct dementia. 
Patients with ischemic test score totals 
greater than 4 were excluded from the 
analysis in order to select subjects who 
were more likely to be suffering from a 
primary degenerative dementing illness. 
The 113 eligible subjects represented 76% 
of the UWO Dementia Study patient popu- 


lation, and 91 (80.5%) of these subjects 
were clinically diagnosed as having senile 
dementia of the Alzheimer type. The diag- 
nostic breakdown of the remaining 19.5% 
of the patients was as follows: eight had 
mixed multi-infarct dementia and AD, sev- 
en had depressive pseudodementias, three 
had alcoholic dementias, one had progres- 
sive supranuclear palsy, one had Creutz- 
feldt-Jakob encephalopathy, one had Par- 
kinson’s disease, and one had pseudobulbar 
dementia. The clinical diagnosis was based 
on a review of the neurologie examination 
and investigations. Pathologic confirma- 
tion was available in 20 cases. The autopsy 
result in one further case, classified as AD 
clinically, did not support the diagnosis. 

All CT scans were interpreted without 
knowledge of the clinical status of the 
patient. One of the authors (A.J.F.) rated 
each CT scan for presence or absence of 
leuko-araiosis and infarct (Table 1 shows 
criteria used). Previous work has demon- 
strated high levels of interobserver agree- 
ment in distinguishing these two entities.‘ 
Examples of leuko-araiosis on CT in de- 
mented patients are shown in the Figure. 

Psychometric testing consisted of ad- 
ministration of the Extended Scale for 
Dementia (ESD). This instrument was 
developed for the UWO Dementia Study? 
and is based on the Mattis Dementia 
Scale.* The maximum score is 250 points, a 
lower score indicating & more profound 
level of intellectual impairment. Subjects 
were deemed untestable when they were 
too regressed or uncooperative, and this 
fact was recorded by psychometric staff. 
An attempt was made to administer the 
ESD to 100 of the 113 study patients. The 
other patients were not available, being 
inaccessible or deceased. 


STATISTICAL ANALYSIS 


Univariate analysis was based on two- 
tailed ¢ tests for age, blood pressure, and 
ESD comparisons. 


These results are 








Well demarcated 

Wedge-shaped 

Usually cortical extension 

Follows specific vascular territory 

Internal capsule, basal ganglia, or thalamus 
may be involved 

Enlargement of ipsilatera! ventricle or sulcus 





Table 1.—Computed Tomography Interpretation: Criteria for 
Distinguishing Infarcts and Leuko-Araiosis 


Infarct Leuko-Araiosis 











Ill defined, patchy, diffuse 







White matter only, without extension to cortex 







Ventricle and sulcus unchanged locally 
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Representative computed tomographic scan depicting leuko-araiosis. Scan is from male subject; 


arrows point to abnormal areas of ill-defined low density in white matter. 


Table 2.— Demographic Characteristics of Patients 
With and Without Leuko-Araiosis * 


Characteristics 


Fighesttevel of education, % 
Grade scnool or less 


Postsecondary or secondary 





Leuko-Araiosis 


=o eee eee 


No 


* bata fram 39 patients with leuko-araiosis, 74 without; NS indicates not significant. 


+Gata besec on result of two-tailed t test. 
tCata besec on result of xê test. 


reported in terms of the mean values and 
SDs. The -? statistic was used for dichoto- 
mou- measures such zs the ischemic score 
items and the CT findings. All probabili- 
ties are reported without correcting for the 
numer cf eomparisons performed. Ex- 
tended Seale for Dementia scores were 
adjusted tor the effects of potential con- 
founders asing the analysis of covariance 
(ANCOVA) method? All analyses were 
perfermec using the Statistical Package 
for tae Secia! Sciences.'? 


RESULTS 


Leuko-araiosis was found in 34.5% 
of the patients studied. The demo- 
graphic characteristics of the 113 sub- 
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jects are summarized in Table 2. 
Patients with leuko-araiosis were 
found to be significantly older than 
the patients without leuko-araiosis. 
However, the sex distribution and 
educational achievements of the two 
groups were not significantly differ- 
ent. 

The only ischemic score item found 
to be significantly associated with the 
presence of leuko-araiosis was hyper- 
tension. A history of hypertension 
was present in 43.6% of patients with 
leuko-araiosis, compared with 24.3% 
of patients without leuko-araiosis (x’, 
P = .035). In addition, a higher mean 


systolic blood pressure, 152 + 27 mm 
Hg, was observed in patients with 
leuko-araiosis, as opposed to a mean 
of 139 + 20 mm Hg in patients with- 
out leuko-araiosis (Student's t test, 
P = .013). Finally, power in the limbs 
and plantar responses were found to 
be significantly more abnormal in 
patients with leuko-zraiosis. These 
results are summarized in Tables 3 
and 4. 

Table 5 indicates that there is a 
relationship between clinical diagno- 
sis and leuko-araiosis. Seventy-five 
percent of patients with the diagnosis 
*mixed AD and multi-infarct demen- 
tia” were found to have leuko- 
araiosis, compared with 31.9% of the 
pure AD group, and 28.6% of the 
“other” diagnosis category (xi, 
P = .033). 

In the univariate analysis of all the 
patients, the presence of leuko-araio- 
sis was found to be associated with 
lower scores on the ESD. The propor- 
tion of untestable patients with leuko- 
araiosis (one of 37) was not signifi- 
cantly different from the proportion 
of untestable patients in the group 
without leuko-araiosis (seven of 63). 
Nevertheless, the mean total ESD 
score of testable patients with leuko- 
araiosis, 106.8 + 62.9, was lower than 
the mean score in those without leu- 
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Table 3.—Ischemic Score Items in Patients With and Without Leuko-Araiosis * 


Leuko-Araiosis 


Ischemic score items, % present 
Abrupt onset 


Stepwise deterioration 
Fluctuating course 
Nocturnal confusion 
Preservation of personality 
Depression 

Somatic complaints 
Emotional incontinence 
History of hypertension 
History of stroke 

Evidence of atherosclerosis 
Neurologic symptoms 
Neurologic signs 


* Data from 39 patients with leuko-araiosis, 74 without. 
tData from x? test; NS indicates not significant. 


Leuko-Araiosis 


Age at onset, mean y 65.9 + 9.7 65.4 + 9.0 
Duration, mean y Bac 4. 46 + 8.1 


Neurologic examination 
Motor function, % 
Involuntary movements 35.1 (13/37) 19.2 (14/73) 


Abnormal gait 48.6 (18/37) 38.6 (27/70) 
Abnormal tone in limbs 30.8 (12/39) 43.2 (32/74) 
Abnormal power in limbs 20.5 (8/39) 9.5 (7/74) 


Primitive reflexes present, % 
Glabellar 28.9 (11/38) 31.1 (23/74) 


Snout 73.7 (28/38) 70.3 (52/74) 
Root 47.4 (18/38) 35.1 (26/74) 
Suck 10.5 (4/38) 20.3 (15/74) 
Corneomandibular 23.7 (9/38) 27.8 (20/72) 
Labioauricular 12.8 (5/39) 17.6 (13/74) 
Palmomental 56.4 (22/39) 58.9 (43/73) 


Other reflexes, 96 
Abnormal deep tendon reflexes 66.7 (26/39) 64.9 (48/74) 


Abnormal plantar response 35.9 (14/39) 12.2 (9/74) .003t 


Mean blood pressure, mm Hg 
Systolic 


Diastolic 





Other computed tomography findings, % 
Infarct 


Ventricular dilatation (moderate to severe) 
Atrophy (moderate to severe) 
* Data from 39 patients with leuko-araiosis, 74 without; numbers in parentheses indicate number of total 
number examined. 


tData from two-tailed t test; NS indicates not significant. 
Data from x? test; NS indicates not significant. 


Table 5.—Clinical Diagnosis in Patients With and Without Leuko-Araiosis 


Diagnosis z No. (%) With Leuko-Araiosis 
Alzheimer’s disease 29 (31.9)* 


Mixed Alzheimer's disease and 

multi-infarct dementia 6 (75.0)* 
Othert 4 (28.6)* 
Total 39 (34.5) 





"P = .033, x? 
fDiagnostic breakdown provided in the "Subjects and Methods” section. 
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ko-araiosis, 131.9 + 87.2 (P = .093). 
This relationship was not observed in 
the AD diagnostic subgroup. 

When the ESD scores of the to-al 
patient sample were adjusted for the 
effect of age, the main effect of wh te 
matter lucency on ESD scores in sub- 
jects with leuko-araiosis compared 
with those without leuko-araiosis was 
not significant (ANCOVA, P - .35). 
The effect of the confounder age was 
significant (P = .014). A subsample of 
all patients with testable seores on the 
ESD was compared by white matter 
lucency groups with age as a covari- 
ate. An effect of white matter lucercy 
was shown to border on statistieal 
significance (ANCOVA, P = .054). Ta- 
ble 6 shows the results of the 
ANCOVA using age as a covariate. 

The possibility was considered that 
the effect of leuko-araiosis would be 
more marked at particular stages of 
AD. Without knowledge of the results, 
a psychologist, experienced in the use 
of the ESD, suggested the following 
groupings for the ESD scores: far 
advanced, 0 to 20; very severe, 21 to 59; 
moderately severe, 70 to 189; and mild, 
190 to 230. Table 7 shows that the 
leuko-araiosis cases with AD clus- 
tered in the moderately severe range, 
with very few early cases or late ones 
(x? = 8.419, df= 3, P = .038). This sug- 
gests that the effects of leuko-araiosis 
in AD may be most recognizable in 
patients who have not yet undergone 
severe deterioration. 

The patients with AD who scored 70 
or above on the ESD were accordingly 
compared for the presence or absence 
of leuko-araiosis. This procedure dem- 
onstrated a very marked trend for 
more impairment to be found with 
leuko-araiosis (Table 8), reaching a 
significance of P= .001. This effect 
persisted at P = .001 in an ANCOVA 
using age as a covariate. 


COMMENT 


In a population of patients referred 
for investigation of possible senile 
dementia of the Alzheimer type, leu- 
ko-araiosis appears to be associated 
with increased severity of cognitive 
impairment. However, in the sub- 
group of patients with clinically dieg- 
nosed AD, a strong relationship 
between leuko-araiosis and ESD per- 
formance was most apparent befcre 
the very severe deterioration oc- 
curred. Leuko-araiosis was also linked 
with increased age and multi-infarct 
dementia. 

Prior to the study, we had identified 
a number of potential confounding 
factors including age, sex, education, 
and coexisting infarct on CT. Age was 
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Table 6.—Extended Scale for Dementia (ESD) Scores 





Tc*al ES» -sore for all patients, 
mean — SD 


Tc:al ES» -eore for patients with 
Alzheime- s disease, mean + SD 


* Nismber-n aarentheses indicates number tested. 


+Deta from wro-tailed t test. 


Leuko-Araiosis * 


62.9 (37) 131.9 — 87.2 (63) 


59.8 (27) + 82.9 (52) 


Table 7.—Leuko-Araiosis in Patients With Alzheimer's Disease 
According to Severity of Dementia * 


Leuko-Araosis Far Adv 


Absar» 10 11 


* Result ci = test, 8.419; df = 3; P < .038. 


anced Very Severe Moderately Severe Mild Total 
3 3 18 3 27 


17 14 52 





Table 8.—Extended Scale for Dementia (ESD) Scores in 
Less Advanced Cases of Alzheimer's Disease 


Leuko-Ara@osis 


Mean ESD Scores + SD 





*Dsta from test. 


founi to be the major confounding 
variable. When we adjusted for the 
effec of æ the relationship between 
leuke-araiGis and lower scores was, 
in la-ge pa-t, explained. Nevertheless, 
a stong effect was evident at the 
moderately severe stage, even after 
adjusting fr age. 

Tl cireamscribed range in which 
the effect ef leuko-araiosis on cogni- 
tive Tuncciea appears in our patient 
population could be due to a number 
of factors. The most important one 
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was the large variance in ESD scores, 
since the full group of the patients 
represents a wide range of levels of 
dementia. Further, the presence of a 
large and variable effect from the 
primary cause of dementia may have 
made it more difficult to demonstrate 
the effect of leuko-araiosis in the most 
severe cases, which was distinctly evi- 
dent in control subjects and in 
patients with less advanced cases. 
Third, the measures of leuko-araiosis 
did not include the site or size, and 
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ESD performance could be influenced 
by the patient's motivation or ability 
to cooperate. Hence, a larger sample 
size with more cooperative patients 
may be required to detect all the 
effects of leuko-araiosis. Fourth, it is 
possible that radiologically, leuko- 
araiosis is best identified before atro- 
phy becomes extensive, and as some 
suggest, the CT distinction between 
gray and white matter becomes more 
difficult." This idea deserves fur:her 
investigation. 

We observed leuko-araiosis in 
34.5% of our patients. This is a preva- 
lence level somewhat lower than the 
60% reported in Brun and Englund's 
pathoanatomic series, but signifi- 
cantly higher than the 8.6% preva- 
lence rate that we observed in our 
nondemented cortrol group. The fact 
that leuko-araiosis is so much more 
common in demented patients contin- 
ues to suggest that these white matter 
abnormalities play a role in the 
dementing process. 

The diffuse disorder of white mat- 
ter represented by  leuko-araiosis 
clearly has an impact on cognitive 
function. Our analysis highlights the 
difficulties in determining the extent 
to which these white matter changes 
influence the clinical course of AD. 
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via B.C. Travel, 2702 131st St., Tampa, FL 33612 (813-972-2030). B.C. Travel can also make travel arrangements at favorable rates. 
Information: Leon D. Prockop, M.D., Program Director, 12901 N. 30th St., Box 55, Tampa, FL 33612, Telephone (813)974-2794 
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Tne Southern EEG Society & Western EEG Society present 
SYMPOSIUM - NEUROPHYSIOLOGICAL EVALUATION OF THE SURGICAL PATIENT: 
EEG AND EVOKED POTENTIALS IN THE OPERATING ROOM 


COURSE - HUNTINGTON MAVOR MEMORIAL COURSE in DIAGNOSTIC PHYSIOLOGY OF 
NERVOUS & MENTAL DISEASES 






San Antonio, Texas * Palacio Del Rio Hotel * January 29-31, 1987 
In conjunction with the Annual Meeting of the Societies 







Thursday, January 29. EEG and Evoked Potentials in the OR 







Effects of Anesthetic Agents on Neurophysiologic Monitoring...............eee mh Betty Grundy, M.D. 
EEG Menitoring during Carotid and Cardiac Surgery............... see Frank Sharbreugh, M.D. 
Temnara! lobe Corticography................ cesse nennen enne nnne nn nenne neret nsns een sa turus etta se tesis es entes n nea G. Chatrian, M.D. 
Extra Temporal Lobe Corticography............:ccsececceceesereceeneeeeeeeeeseeencueneeeeeeseseseaseensseseeserseseeeeneeeeneaes Kenneth Laxer, M.D. 
Braimssem Auditory Evoked Potential monitoring intra-operatively............. csse W. C. Erwin, M.D. 
Somatosensory Evoked Potential monitoring intra-operatively............... sse Marc Nawer, M.D. 





Friday, January 30. SCIENTIFIC SESSIONS (Free Communications) 


Saturday, January 31. Diagnostic Physiology of Nervous and Mental Diseases 
Mensat Retardation: EEG and Evoked Potentials.................ccseeeneeeeneeeceeeeneeceeeeseneeeneeeeeeeenereenewees Mary R. Ancriola, M.D. 












Depression: Polysomnography, EEG and Evoked Potentials................. se Gail Marsh, Ph.D. 


Computer EEG Analysis in Stroke and Epilepsy........................ 
Clinize! 'ElectropFysiology of Dementia.................... eese 
Norme! Aging, Aerobic Fitness and Electrophysiology............... 


CME Credits applied for in Category | 


For course and meeting registration material, or for further information, contact: 
Robin L. Gilmore, M.D., Secretary- Treasurer 
Southern EEG Society, Dept. of Neurology, MS-129 
University of Kentucky, 800 Rose Street, Lexington, Ky. 40536-0084 (606) 233-5663 
Vincent lraqui, M.D., Secretary-Treasurer 
Western EEG Society, Neurology Dept. 


University of California, San Diego, 225 W. Dickinson Street, San Diego, California 92103 (619) 543-5760 


*Modern Dissection Techniques Of Bone, Biometals and Bioplastics" 


(ORTHO/NEURO 700) (Separate Hands-On Sessions) 
An Intercisciplinary Symposium for Neurosurgeons and Orthopaedic Surgeons 


co-sponsored by the 


N UNIVERSITY OF WASHINGTON SCHOOL OF MEDICINE 
Department of Orthopaedic Surgery 
Department of Neurological Surgery 


and 


MIDAS REX INSTITUTE 


Course Directors: William L. Lanzer, M.D.; H. Richard Winn, M.D.; Ralph Dacy, M.D.; Robert Murray, Ph.D.; Susan Mitchell, Ed.D. 
SYMPOSIUM FORMAT 


WORKSHOPS: 

The Midas Rex Hands-On Workshop will be held each day from 
7:30 am to 1:30 pm. The workshop will emphasize a series of 
hands-on exercises, utiliz ng appropriate animal bones, skeletal 
bones, bioplastics and bicmetals. 


ORTROPAEDIC SURGEONS —dissection in small bones, large bones, 
spines. joint replacement, revision surgery, methylmethacrylate, 
polyethylene and biometa s, including broken stem extraction. 
NEURCSURG CSURGEONS-intensive dissection skills for bonework of 
the canum and spine, including attention to bioplastics and bio- 
metats.applicable to neurosurgery. 


CREDITS: C.M.E. Credit Available 


ACCOMMODATIONS: 
Red Lion - Seatac, 18740 Pacific Highway South, Seattle, Wash- 
ington 98188. Phone: (206) 246-8600 


ENROLLMENT: 

Send letter and check payable to "Seattle Symposium.” Surgeon— 
US $965.00; Resident—US $585.00 (with letter from Department 
Head); OR/Tech/Ass't.—US $250.00. Mail to: 


Midas Rex Institute, 3001 Race Street, Fort Worh, TX 76111, 
(800) 433-7639, In Texas: (817) 831-2604 





Vascular Risk Factors and Leuko-Araiosis 


Domenico Inzitari, MD; Fernando Diaz, MD; Allan Fox, MD; Vladimir C. Hachinski, MD; Allan Steingart, MD; 
Catherine Lau, BScN; Alan Donald, PhD; John Wade, MD; Hazim Mulic, MD; Harold Merskey, DM 


€ Leuko-araiosis was found in 49 of 
140 demented patients compared with 12 
out of 110 control subjects. Thirty-one of 
95 patients with dementia of the Alzhei- 
mer's type had leuko-araiosis. A history of 
stroke was four times more frequent in 
patients with leuko-araiosis than in those 
without leuko-araiosis (17.4% and 4.4%, 
respectively). It occurred in 25% of con- 
trols with leuko-araiosis compared with 
only 2% of those without leuko-araiosis. 
Mean systolic blood pressure was associ- 
ated with leuko-araiosis. No association 
was found for diastolic blood pressure, 
myocardial infarction, angina, diabetes, 
or carotid bruits. On logistic regression 
analysis, the strong association between 
dementia and leuko-araiosis was mainly 
explained by a history of stroke. There 
are common factors in leuko-araiosis and 
stroke, but stroke alone does not account 
for leuko-araiosis. 

(Arch Neurol 1987;44:42-47) 


omputed tomography (CT) is high- 
ly sensitive to white matter 
changes in the brain.'? Computed 
tomographic images of bilateral and 
symmetrical low-density white mat- 
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ter changes or lucencies in clinical 
cases of dementia have been consid- 
ered evidence of white matter degen- 
eration, typical of subcortical arterio- 
sclerotic encephalopathy, or Bins- 
wanger's disease.? However, in the 
last few years, the same images have 
been encountered in nondemented 
cerebrovascular patients,*? in subjects 
with vague and nonspecific com- 
plaints, and in normal subjects.'*” 
Moreover, they have recently been re- 
ported in a proportion of patients with 
dementia of the Alzheimer's type.'^" 
Therefore, the question arises as to 
whether the white matter changes 
reflect a single pathologie process or 
several processes, or whether they 
simply constitute physiologic changes 
in brain tissue linked with age. 

To avoid pathologic or etiologic pre- 
sumptions, the term leuko-araiosis 
has been proposed from the Greek 
leuko (“white” [matter]) and araiosis 
("rarefied")." However, while the 
clinical correlates of leuko-araiosis 
remain largely undefined, the preva- 
lence of vascular risk factors and 
events appears quite high in all the 
reported series of patients with CT- 
white matter changes.**%!!4 

The present study, carried out as 
part of a large study of dementia 
involving patients and controls, 
aimed to answer the following ques- 
tions: (1) What are the risk factors 
and events that, alone or in combi- 
nation, most directly correlate with 
leuko-araiosis? (2) To what extent is 
leuko-araiosis linked with dementia, 
after adjusting for factors associated 
with both conditions? (3) What is the 
relationship of leuko-araiosis and the 
types of dementia, and the ischemic 
scale?'* 


SUBJECTS AND METHODS 
Study Population 


Both patients and control subjects were 
selected from the participants in the 
dementia study of the University of West- 
ern Ontario." Patients were referred by 
family physicians and specialists. A num- 
ber of controls volunteered from other 
studies, namely an aging heart study'^'* 
and a study on exercise in retirees." An 
additional number of controls were 
obtained from a randcm mailing request in 
the city of London. Patients were included 
if they satisfied the criteria for dementia 
according to the Diagnostic and Statistical 
Manual of Mental Disorders.” The controls 
were defined as mentally normal aging 
people, not demented on the basis of his- 
tory, interview, and a psychological test, 
the Extended Scale fcr Dementia." 

Patients and contrcls underwent a com- 
prehensive clinical evaluation by a neuro- 
logic research fellow under the supervision 
of one of the authors (V.C.H.). The is- 
chemic score'* was completed on demented 
patients. This was undertaken without 
knowledge of the CT scan findings. The 
final diagnosis was uadertaken by a neu- 
rologist (J.P.H.W.), vho reviewed all the 
clinical findings in conjunction with the 
CT scan and ischemic scores. 

For the present stady, 181 consecutive 
patients and 137 controls, who were as- 
sessed clinically from Jan 1, 1982 to June 
30, 1985, were considered for selection. 
Only 140 patients and 110 controls were 
included in the present study, after the 
exclusion of cases with technically poor CT 
images. The subjects included did not dif- 
fer from the ones excluded with respect to 
their frequency of cardiovascular risk fac- 
tors and events. 


Clinical Variables 


The demographic characteristics under 
study included sex and age. Information 
obtained from the medical history com- 
prised any evidence cf stroke (defined as 
any ischemic neurologic deficit lasting 
longer than 24 hours), myocardial infarc- 
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Representative computed tomographic scans depicting leuko-araiosis in male patient. Arrows 
point to abnormal areas of ill-defined low density in white matter. 


tion, angia, diabetes, and intermittent 
elamdicati n. Information from both the 
medical 1 story and the physical examina- 
tion was vsed to determine the presence of 
hy»ertezson, congestive heart failure, car- 
diac arrh-hmias, and valvular diseases. 
Hypertension was defined as the presence 
of one or more of the fo_lowing: (1) a 
systolic bwod pressure (BP: greater than 
166 mm Fx or a diastolic BP greater than 
90mm Eg (2) a previous medical diagnosis 
of hypertemsion, and (3) previous or cur- 
rent treamment for hypertension. In addi- 
tian, syst-lic and diastolic BP values were 
also comsElered in the analysis. The values 
reported sere are those recerded from the 
right arr in the sitting vosition. Four 
groups o patients with cementia were 
deaned as follows, using criteria from the 
Dagnotte and Statistical Manual of Men- 
ta. Diser*ers?: (1) primary degenerative 
dementzasf the Alzheimer's type, (2) mul- 
ti«nfar-twementia, (3) mixed Alzheimer's 
type ard multi-infarct dementia, and (4) 
otmer tywes of dementia. The ischemic 
score'* was categorized into three groups: 0 
through — 5 through 6, and 7 and over. The 
accuracy of diagnosis in this study is the 
subject o a separate report.” In general, 
the acecummey of Alzheimer's disease was 
better th_n 87%, but that of multi-infarct 
diment:a was lower. 


CT Study 


A th-re-generation CT scanner (General 
Exectri- 2300) set for 1-cm-slice thickness 
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Table 1.—Computed Tomographic Criteria for Infarct and Leuko-Araiosis 


Infarct 


Well demarcated 
Wedge shaped, if peripheral 


Usually have a cortical extension 

Enlargement of ipsilateral ventricle or sulcus 

Follows specific vascular territory 

May involve internal capsule, basal ganglia, 
or thalamus; rounded lucencies or 
lacunae 


was used. One neuroradiologist (A.J.F.) 
interpreted all of the CT scans without 
knowledge of the diagnosis. For the pur- 
poses of the present study, we took into 
account among the CT data the presence of 
leuko-araiosis and of infarcts. The inter- 
pretation criteria used are shown in Table 
1. Depending on location, the infarcts were 
divided into cortical ones, in the corona 
radiata, and those in the basal ganglia- 
internal capsule region. Examples of leu- 
ko-araiosis are given in the Figure. 


Statistical Analyses 


An univariate analysis was done prelim- 
inarily to compare the groups of patients 
and controls and the subgroups with and 
without leuko-araiosis, according to the 
frequencies of the variables under study. 
The frequencies of congestive heart fail- 
ure, cardiac valvular disease, cardiac 
arrhythmias, and intermittent claudica- 





Leuko-Araiosis 


lll defined 

Patchy. diffuse 

White matter only 

Ventricle anc sulcus unchanged locally 


tion were very low. Therefore, they were no 
longer included in furtner univariate and 
multivariate analyses. Those variables 
more strongly associated with leuko-araio- 
sis in the univariate enalysis were then 
introduced in a multivariate model (multi- 
ple logistic regression) We used the 1982 
version of the BMDP? software package 
for this. The main objective of this multi- 
variate analysis was to 2va.uate the associ- 
ation between dementia and leuko-araio- 
sis, after controlling for the confounding 
effect of the rest of the independent vari- 
ables. We were also in-erested in evaluat- 
ing the relative contribution of the differ- 
ent predictor variables to :euko-araiosis. 
The original logistic nocel specified that 
the probability of having leuko-araiosis 
depend on age, sex, hypertension, stroke, 
systolic BP, CT-infarct, and all possible 
two-way interactions among these vari- 
ables. A forward-selection procedure was 
then used to eliminate those interactions 
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paT 
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that did not contribute significantly to the 
production of leuko-araiosis. The final 
model, therefore, contained as independent 
variables all the possible confounders men- 
tioned above and all interactions between 
them that were observed to be significant. 
This model was applied to define the 
effects of variables on leuko-araiosis in (1) 
the total sample of patients and controls, 
(2) a subsample of subjects without a his- 
tory of stroke, and (3) a subsample of 
patients with Alzheimer's disease and con- 
trols, without a history of stroke. 


RESULTS 


The main demographie, clinical, 
and CT characteristics of patients and 
controls are compared in Table 2. The 
two groups of patients and controls 
were compared in mean age and sex. 
Small, but not statistically signifi- 
cant, differences were observed for 
stroke, myocardial infarction, angina, 
and carotid bruit. 

Leuko-araiosis was observed in 49 
(35.0%) of 140 patients and in 12 
(10.9%) of 110 controls (P « .0001). 
Table 3 presents selected clinical and 
CT characteristies of subjects with 
and without leuko-araiosis. The mean 
age of subjects with leuko-araiosis 
was significantly higher compared 
with that of subjects without leuko- 
araiosis in both groups of patients and 
controls. There were no significant 
sex differences. A history of stroke 
was almost four times as frequent in 
patients with leuko-araiosis compared 
with patients without leuko-araiosis, 
and 12 times as frequent in controls 
with leuko-araiosis compared with 
controls without leuko-araiosis. There 
were twice as many hypertensives 
among patients with leuko-araiosis 
compared with patients without leu- 
ko-araiosis. The mean values of systo- 
lic BP were significantly higher in 
subgroups with leuko-araiosis in both 
patients and controls. No difference 
was found in mean diastolic BP values. 
No significant difference was found in 
the distribution of other variables, 
including diabetes, among subgroups 
with and without leuko-araiosis in 
both patients and controls. 

Tables 4 and 5 present the distribu- 
tion of cases with and without leuko- 
araiosis among the clinical diagnostic 
categories and among groups with a 
low, intermediate, or high ischemic 
score. The five patients with multi- 
infarct dementia all had leuko-araio- 
sis, although a fairly high proportion 
(33%) of patients with dementia of 
the Alzheimer's type had leuko-araio- 
sis as well. Fifty-eight percent of 
patients in the mixed group had no 
leuko-araiosis. A percentage of pa- 
tients with leuko-araiosis similar to 
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Table 








Variable 





Mean age, y 

Hypertension, % 

Mean systolic blood pressure 
Mean diastolic blood pressure 
Diabetes, 96 

Myocardial infarction, 96 


History of stroke, % 
Carotid bruits, % 
Leuko-araiosis, % 


Infarcts demonstrated on computed 
tomographic scans, % 





2.—Selected Characteristics of Patients and Cortrols* 


Sex (M:F) 0.8 1.2 


Angina, % 5.2 10.9 
















Controls 
(n = 110) 


Patients 
(n = 140) 
















71.8 71.3 
44.3 43.6 
145.4 150.8 
80.2 81.3 
13.0 10.0 






8.9 4.5 









8.8 4.5 
7.2 2.7 
35.0 10.91 
15.0 2.71 







E Missing information for each variable: diabetes, n = 9; myocardial infarction, n = 5; angina, n — 6; stroke, 
n = 3; transient ischemic attacks, n = 4; and carotid bruits, n = 2. 


tP « .001. 
+P < .005. 


that observed in the Alzheimer’s 
group was detected in the group with 
other dementias. The distribution of 
patients with and without leuko- 
aralosis among groups with a low, 
intermediate, or high ischemic score 
was, to some extent, comparable with 
that observed among the diagnostic 
categories. 

When the effeet of the same vari- 
ables was analyzed in the multivari- 
ate model, it was possible to establish 
a hierarchy of the variables in terms 
of their predietive value of single and 
interacting effects (Table 6). In addi- 
tion, the multivariate model allowed a 
test of the effect of dementia on leuko- 
araiosis, after adjusting for the effect 
of the other variables. 

Among single variables, the only 
significant contributor to the pres- 
ence of leuko-araiosis was a history of 
stroke (P = .008). The presence of 
infarct demonstrated on CT scans 
showed a high coefficient of 5.554. 
However, the improvement x? P value 
was .07. The only interaction that had 
a significant effect on the presence of 
leuko-araiosis was that between CT- 
infarct and hypertension (P < .024). A 
trend toward significance was also 
shown by the interaction between CT- 
infarct and systolic BP. Age, hyper- 
tension, and systolic BP, alone, were 
not significant predictors. 

The strong association between 
dementia and leuko-araiosis shown by 
the univariate analysis was not con- 
firmed by the multivariate model. 
This association was mainly explained 
by the confounding effect of stroke. 
Sex was significantly associated with 
leuko-araiosis in the multivariate 
model. The negative coefficient indi- 
cates a higher risk of leuko-araiosis in 
men. 


Because it was impossible to know 
whether the strong association be- 
tween history of stroke and leuko- 
aralosis was due to the possibility 
that some of the patches of leuko- 
araiosis were actually infarcts, and 
because the confounding effect of 
stroke on the rela-ionship between 
leuko-araiosis and dementia was very 
strong, the same multivariate model 
was performed after excluding the 
subjects having a history of stroke. 
Apart from stroke, the same variables 
were introduced in the model. The 
results from this analysis showed that 
the only term that improved the pre- 
diction of leuko-araiosis was the 
interaction between hypertension and 
CT-infaret. Due to unavoidable round- 
ing errors in the comouter program, it 
was impossible to zccurately assess 
the effect of this interaction by means 
of a coefficient. Ths could be due 
partly to the small number of subjects 
simultaneously having hypertension, 
CT-infarets, and leuko-araiosis. The 
log-likelihood goddness of fit x? for 
this model was 176.85 (202 degrees of 
freedom, P = .889), indicating that the 
model fits the data adequately. 

To assess the association of demen- 
tia of the Alzheimer’s type and leuko- 
araiosis, after having controlled for 
the rest of the predictors, and to 
determine the relative contribution of 
the vascular risk factors on leuko- 
araiosis, the same logistic model was 
carried out including only the controls 
and the patients clinically diagnosed 
as having Alzheimer’s dementia. The 
results were similar to those obtained 
after excluding strcke cases only, 
showing that the orly significantly 
associated variable was the interac- 
tion of hypertension/CT-infarct (coef- 
ficient equals 6.4, P < .01). 
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M»ocardiallinfarction, 9o 


Mean syst^lic blood pressure 
Mean dizs:olic blood pressure 
Insarcts demonstrated on 
computed tomographic scans, 9o 


* Missing eormation for each variable: transient ischemic attacks, n — 


bruits n= = 
TP 01. 
iP .05. 
SP .00:. 









COMMENT 


The prevalence of leuko-araiosis 
has mos:l- been estimated from con- 
secutive CT series of patients. Loizou 
et a* found “appearances of subcorti- 
cal arteribsclerotie encephalopathy” 
in C195 of 9490 scans performed in a 
British neuroradiology service during 
a two-year period. Goto et al’ reported 
a prevalerce of 4.3% in a consecutive 
series of CT scans in a Japanese hospi- 
tal spevi.lizing in cereorovascular 
diseases compared with 7.9% in a 
series of CT scans perfermed in a 
general hespital. Many of zhe patients 
in "he last series had been referred 
from nearby mental hospitals. The 
sutnors also stressed the possibility of 
a higher prevalence of white matter 
leuxoen»e»halopathy among Japanese 
compared with Americans, due to a 
greater prevalence of intraparenchy- 
ma vessel arterioselercsis in the 
former. a prevalence of 1.7% was 
observed recently in a series of CT 
scans per ormed on adults in a neuro- 
bgc devartment in the United 
States.” Zeumer et al‘ repcrted a prev- 
alence cf 2.4% in a series of patients 
aged 60 te 85 years in West Germany. 
Vamentine et al reviewed a series of 
CT scans showing cerebral atrophy 
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11.4 


153.2 


Table 4.—Leuko-Araiosis by Clinical Category of Dementia 


Percentage 
Dementia No. of Having 
Category Patients Leuko-Araiosis 
Atzheimers disease 95 32.6 
Mixed 21 38.1 
Nauilti-intarst 5 100.0 
Other 19 26.3 


Table %— Selected Clinical end Computed Tomographic Characteristics of Patients and Controls With and Without Leuko-Araiosis (LA)* 





Patients Controls Both 
Variable LA No LA LA No LA LA No LA 
History cf stroke, % 17.4 4.41 25.0 2.0t 79.0 3.28 


E 8.3 
6.7 25.0 
5.5 8. 


Carotid bruts, 96 10.6 3 "0.2 3. 


4 141.21 163.2 







18.4 13.2 8.3 


and detected areas of deep attenua- 
tion in the white matter in 1.6% of 
them. In contrast, the frequency of 
3595 found in patients with dementia 
of various types in the present study 
was high, but was consistent with the 
figures of 3096? and 31%” recently 
reported among patients with demen- 
tia of the Alzheimer's type, thus sug- 
gesting that the probability of finding 
leuko-araiosis is higher in a popula- 
tion of demented people, compared 
with less selected CT scan series. 
The percentage of patients without 
neurologic abnormalities in previous 
series of CT scans showing leuko- 
araiosis has ranged from 4% to 
35% 459344 In the present study, sub- 
jects defined as mentally normal 
according to the routine criteria 
showed leuko-araiosis with a fre- 
quency of 10.9%. This figure was 
almost 5% lower than that reported 
by George et al and 8% lower than 
that reported by Rezek et al" in con- 
trol subjects. These results and the 
fact that the effect of dementia on 
leuko-araiosis disappeared after hav- 
ing controlled for the other variables 
suggest that leuko-araiosis is not a 
specific indicator of dementia. How- 
ever, further data, which are based on 


4; stroke, n = 3; diabetes, n = 9; myocardial infarction, n = 5; angina, n = 6; and carotid 
























4.1 10.7 5.& 
9.2 tA 8.0 
2.2 i F 
149.41 155.1 145.44 
81.0 82.4 80.1 


2.0 16.4 7.4 


Table 5.—Leuko-Araiosis by 
Ischemic Ssore* Categories 


Percentage 
Ischemic No. of Having 
Score Patients Leuko-Araiosis 


0-4 113 34.5 
5-6 16 25.0 
7+ 11 54.5 


* From Hachinski et al. '® 


psychometry in the control group and 
in the patient group, confirm that 
there is a measurable degree of intel- 
lectual impairment due to leuko- 
araiosis.*^ 

The difference in prevalence of leu- 
ko-araiosis in other series might have 
also been aecouated for by the elder 
age of the patients in this study. The 
mean age of bcth patients and con- 
trols with leuko-araiosis in our study 
was signifieant;y higher than those 
without. It has been suggested that 
the frequency of leuko-araiosis in- 
creases with age/^'" However, the 
present results from logistic regres- 
sion analysis indicated that age was 
not an independent contributor te leu- 
ko-araiosis, after controlling for the 
effect of the other variables. 

A high prevalence of stroke, hyper- 
tension, and, to a less extent, diabetes 
has been reported in most of the 
studies of patients with leuko-araio- 
sis. The presence of hypertension was 
reported in 78% tc 93% of sub- 
jects.5?' The prevalence of stroke 
ranged from 36% to 10045.*59/* All 
these series consisted of a small num- 
ber of patients selected only on the 
basis of CT appearance of leuko-araio- 
sis. At the present time, besides this 
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Table 6.—Logistic Regression Coefficients of Multiple Variables 
on Leuko-Araiosis in Patients and Controls * 


Variable 

Single 

Sex 

Stroke 

Infarct 

SBP 

Age 

Dementia 

Hypertension 


Interactions 
Infarct X hypertension 


Infarct X SBP 

Age X infarct 

Age X SBP 

Sex X stroke 

Sex X SBP 

Sex X hypertension 
Stroke X infarct 
Stroke X hypertension 
Dementia X age 
Dementia X sex 
Dementia X stroke 
Dementia X infarct 
Dementia X hypertension 
Dementia X SBP 


* SBP indicates systolic blood pressure. 


one, there is only one other report 
about the selective relationship of 
hypertension or stroke with leuko- 
araiosis in a large study population 
(to our knowledge). That report" 
excluded patients with a history of 
stroke and found an increase in hyper- 
tension in controls but not in patients. 
It did not, however, control these find- 
ings for age. 

Pathologic studies of subjects with 
subcortical arteriosclerotic encepha- 
lopathy, or Binswanger’s disease,5? 
have also stressed the role of hyper- 
tension and stroke. Hypertension, per 
se, was considered the possible cause 
of leukoencephalopathy by some 
authors,” while others? have consid- 
ered chronic ischemia in the border 
zones of the subcortical white matter 
to be more important. It has also been 
suggested that heart disease has a 
concurrent role in the pathogenesis of 
leukoencephalopathy,” namely, that 
cardiac failure could be the precipitat- 
ing factor of ischemia in the border 
zones of the subcortical white mat- 
ter. 

Our clinical results indicated that 
diabetes, angina, and myocardial 
infarction were not important inde- 
pendent contributors to leuko-araio- 
sis. The prevalence of these diseases 
was not significantly different among 
the subgroups with and without leu- 
ko-araiosis. Again, it is important to 
note that we did not enter diabetes 
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0.025 
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0.009 
—0.004 
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—0.523 
—0.723 
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into the logistic regression analysis, 
since it did not differ in frequency in 
our patients and the controls, and 
that logistic regression analysis was 
not applied in the studies by George et 
al^" Although leuko-araiosis might 
appear frequently in patients with 
diabetes, the question of a direct rela- 
tionship has not been adequately 
tested to date. The statistical tech- 
nique that was used here is more 
advanced methodologically than the 
techniques used in the other investi- 
gations. Cardiac valvular disease, con- 
gestive heart failure, and cardiac 
arrhythmias were so uncommon in 
the study population that it was not 
possible to evaluate their role as fac- 
tors possibly associated to leuko- 
araiosis. 

It was more complex to analyze the 
roles of hypertension and stroke, since 
they have multiple interconnections 
between each other, although the 
most direct cause-effect relationship 
seems to be that between hyperten- 
sion and lacunae, which are small, 
deep infarcts.” 

Both hypertension and stroke were 
significantly linked with leuko-araio- 
sis in the univariate analysis. The 
multivariate analysis indicated that 
a history of stroke was the single 
most powerful predictor of leuko- 
araiosis. Cerebral infarcts demon- 
strated on CT scans showed a high 
correlation coefficient, although the 


statistical significance was near the 
5% limits. Hyper-ension, alone, did 
not improve the prediction of leuko- 
araiosis. However, the effect of hyper- 
tension on leuko-araiosis became sig- 
nifieant when added to the effect of 
infarets seen on CT scans. Seventy- 
three percent of the infarcts found in 
the cases with leuko-araiosis were 
located in subcortical areas (corona 
radiata, basal ganglia, and capsules) 
and had the CT appearance of lacunar 
infarcts. Therefore, while stroke 
appears to be the most powerful pre- 
dictor of  leuko-araiosis, infarcts 
linked to hypertension seem to be 
specifically involved. It is conceivable 
that patients with leuko-araiosis and 
without stroke, as cefined either clini- 
cally or on CT scans, might actually 
have had clinically silent or very tiny 
infarcts, not detec-able by CT scan- 
ning. In fact, most of the infarcts 
detected pathologically at autopsy in 
a patient with leuke-araiosis who was 
described by Kinkel et al? were too 
small to be visua ized by CT. The 
significant associa-ion of male sex 
and leuko-araiosis im the multivariate 
analysis is consistent with results 
from other series, but remains unex- 
plained. 

Most of the cases of leuko-araiosis 
might fit in the categories of vascular 
dementias. However, leuko-araiosis 
was also observed ir 32.6% of patients 
diagnosed as having Alzheimer’s dis- 
ease and in 34.5% of patients with an 
ischemic score between 0 and 4. It is 
possible that in one third or more of 
elderly patients identified as having 
Alzheimer’s disease, a vascular pro- 
cess is affecting the white matter and 
contributing to the recognition of the 
occurrence of dementia. In fact, the 
interaction of CT-infarct and hyper- 
tension was an important predictor of 
leuko-araiosis, even in the patients 
with “pure” Alzheimer’s disease. A 
white matter disorcer with the char- 
acter of an “incomplete infarction” 
has been recently reported in a fairly 
high proportion ef pathologically 
studied Alzheimer-type dementias.” 
This is consistent with the pathologic 
observation by Tomlinson et al^ of a 
substantial proport on of cases with 
deep infarcts among patients with the 
typical clinicopathclogic features of 
Alzheimer’s disease. Moreover, 
George et al reported that neuro- 
pathologic evaluation of some of their 
Alzheimer’s patients with CT-leu- 
koencephalopathy revealed that sub- 
cortical vascular disease accounted 
for the lucencies. 

The common diagnostic criteria for 
differentiating the types of dementia 
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do rot appear to identify correctly 
patients wih leuko-araiosis in whom 
vascalar factors appear to play impor- 
tant roles. This casts doubt on the 
possibility suggested by some au- 
thors® that CT-white matter abnor- 
malties a-e able to discriminate 
between pacients with different types 
of dementis. 

Ir conelesion, our resu-ts confirm 
that leukc-araiosis is common in 
dementia. There are clues that leuko- 
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araiosis is vascular in origin. Stroke 
history is the most powerful predictor 
of leuko-araiosis, and its net effect is 
stronger than that of hypertension. 
However, stroke, alone, does not 
account for leuko-araiosis, although 
there is an association between leuko- 
araiosis and deep infarcts. Further 
investigation is needed to elucidate 
this relationship and also the rela- 
tionship of leuko-araiosis with Alz- 
heimer's disease. 
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The Department of Neurology of 
Loyola University of Chicago has a 
fellowship available in clinical neu- 
rophysiology. The candidate should 
be board eligible in Neurology. The 
fellow will acquire experience in 
electroencephalography, ^ evoked 
potentials and brain mapping, and 
will participate in ongoing research 
in the field of clinical neurophysiol- 
ogy. The University is an equal 
opportunity affirmative action em- 
ployer. 


Send CV to: 
G. G. Celesia, M.D., Chairman 
Department of Neurology 
Loyola University Medical Center 
2160 S. First Avenue 
Maywood, IL 60153 
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The Midas Rex Hands-On Workshops will be held each day from 7:30 
am to 1:30 pm. The workshop will emphasize a series of hands-on 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics 
and biometals for dissection in the cranium and spine. Methylmethacry- 
late, and biometals, as they are related to neurosurgery will also be con- 
sidered. Guestlecturers will presentclinicalaspectsofspinalandcranial 
procedures and video tapes of clinical procedures will be available. 
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DOWNEY 
(LOS ANGELES COUNTY) 


Board cert/elg Neurologist to join 
well established solo Neurologist in 
large multi-specialty group in LA 
area. Practice includes general 
neurology, 5-10% pediatric neurol- 
ogy, inpatient/outpatient practice. 
EEG EMG experience required. 
State-of-the-art noninvasive vas- 
cular lab, 24 hr EEG monitoring, 
polysomnograph sleep lab, stroke 
rehab, latest CT Scanning, MRI 
capabilities. Practice includes both 
consultation and primary care, 
additional internal medicine resi- 
dency training also desirable. One 
170 bed active community hospital 
used. PLEASE CALL COLLECT: GAR- 
RETT CLIFFORD (213)923-6511 
Ext. 204. 
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Excellent control of 
generalized tonic-clonic 
seizures demonstrated 

in double-blind studies ' 4 


TEGRETOL is indicated for cnildren 6 years 

and older and adults whose seizures are dificult 
to control or who are experiencing marked 

side effects from other antiepileptic drugs. 


C] From a double-blind study of outpatients 
with simple or complex partial seizures 
that become secondarily generalized: 

"Each drug [TEGRETOL and phenytoin] 
provided superior seizure contro! in about 
half the patients..." 

C] From a double-blind, crossover trial in 
outpatients with primary and secondary 
generalized seizures and partial seizures 
with motor symptoms: 

“...no difference could be disclosed with 
regard to the efficacy of phenytoin and 
Carbamazepine in the treatment of general- 
ized seizures, whether primary or secondary 
generalized.” 


TEGRETOL is available as 100-mg 
cherry/mint-flavored, scored chewable 
tablets and 200-mg scored tablets. 


Tegretol 


carbamazepine USP 


...because after seizure control, 
theres a lot of living to do! 








NOTE: Because of the potential for adverse 
reactions, it is important that you become 
thoroughly familiar with the full Prescribing 
Information for TEGRETOL on the following 
pages, especially the boxed warning 
concerning blood abnormalities and the 
necessity for repeated blood coun:s. 


See following pages for Prescribing Information. 
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Tegretol 4^& 
carbamazepine USP 


...Decause after seizure control, 
theres a lot of living to do! 
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Tegretol" 
carbamazepine USP 
Chewable Tablets of 100 mg—red-speckled, pink Tablets of 200 mg— pink 


WARNING 
SERIOUS AND SOMETIMES FATAL ABNORMALITIES OF BLOOD CELLS 
(APLASTIC ANEMIA, AGRANULOCYTOSIS, THROMBOCYTOPENIA, AND 
LEUKOPENIA) HAVE BEEN REPORTED FOLLOWING TREATMENT WITH 
TEGRETOL, CARBAMAZEPINE 

EARLY DETECTION OF HEMATOLOGIC CHANGE IS IMPORTANT SINCE. IN 
SOME PATIENTS. APLASTIC ANEMIA IS REVERSIBLE 

COMPLETE PRETREATMENT BLOOD COUNTS. INCLUDING PLATELET 
AND POSSIBLY RETICULOCYTE AND SERUM IRON. SHOULD BE QB- 
TAINED. ANY SIGNIFICANT ABNORMALITIES SHOULD RULE OUT JSE OF 
THE DRUG. THESE SAME TESTS SHOULD BE REPEATED AT FREQUENT 
INTERVALS, POSSIBLY WEEKLY, DURING THE FIRST THREE MONTHS OF 
THERAPY AND MONTHLY THEREAFTER FOR AT LEAST TWO TO THREE 
YEARS. THE DRUG SHOULD BE STOPPED IF ANY EVIDENCE OF BONE 
MARROW DEPRESSION DEVELOPS 

PATIENTS SHOULD BE MADE AWARE OF THE EARLY TOXIC SIGNS AND 
SYMPTOMS OF A POTENTIAL HEMATOLOGIC PROBLEM. SUCH AS FEVER. 
SORE THROAT, ULCERS IN THE MOUTH, EASY BRUISING, PETECHIAL OR 
PURPURIC HEMORRHAGE. AND SHOULD BE ADVISED TO DISCONTINUE 
THE DRUG AND TO REPORT TO THE PHYSICIAN IMMEDIATELY IF ANY 
SUCH SIGNS OR SYMPTOMS APPEAR 


This drug is not a simple analgesic and should not be used for the relief of 
trivial aches or pains. Treatment of epilepsy should be restricted to those 
classifications listed under "INDICATIONS AND USAGE." 

Before prescribing Tegretol, the physician should be thoroughly familiar 
with the details of this prescribing information, particularly regarding use 
with other drugs, especially those which accentuate toxicity potertial. 
DESCRIPTION 
Tegretol, carbamazepine USP. is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mq fcr oral 
administration. Its chemical name is 5H-dibenz[b.fJazepine-5-carboxamide, and its 


structural formula is: 
Q N QO 


| 
CONH; 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
soluble in alcohol and in acetone. Its molecular weight is 236.27 
Inactive Ingredients. Colloical silicon dioxide, FD&C Red No. 3 (chewabie tablets only). 


FD&C Red No. 40 (200 mg tablet only), flavoring (chewable tablets only), gelatin, glycer- 
in, magnesium stearate, socium starch glycolate (chewable tablets only). starch. stearic 


acid, and sucrose (chewable tablets only) 
CLINICAL PHARMACOLOGY 
In controlled clinical trials, Tegretol has been shown to be effectivein the treatment of 
psychomotor and grand mal'seizures, as well as trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 


blocking the posttetanic potentiation. Tegreto! greatly reduces or abolishes pain induced 


by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential 
and bulbar and polysynaptic reflexes, including the linguomandibu ar refle» in cats 
Tegretol is chemically unrelated to other anticonvulsants or other drugs used to control 
the pain of trigeminal neuralgia. The mechanism of action remainssunknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate 
than a solution, thus avoiding undesirably high peak concentrations. Tegretol in blood is 
76% bound to plasma proteins. Plasma levels of Tegretol! are variable and may range 
from 0.5-25 ug/ml, with no apparent relationship to the daily intake of the drug. Usual 
adult therapeutic levels are between 4 and 12 ug ml. Following oral administration, 
serum levels peak at 4 to 5 hours. The CSF serum ratio is 0.22. similar to the 22% 
unbound Tegretol in serum. Because Tegretol may induce its own metabolism. the 
half-life is also variable. Initial half-life values range from 25-65 hours, with 12-17 hours 
on repeated doses. Tegretol is metabolized in the liver. After oral administration of 
'^C-carbamazepine, 72% of the administered radioactivity was found in the urine and 
28% in the feces. This urinary radioactivity was composed largely of hydroxylated and 


conjugated metabolites, with only 3% of unchanged Tegretol. Transplacental passage of 


Tegretol is rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues, with 
higher levels found in liver and kidney than in brain and lungs. 

INDICATIONS AND USAGE 

Epilepsy: Tegretol is indica:ed for the following conditions in patients who have not 
responded satisfactorily to treatment with other agents such as phenytoin, phenobar- 
bital, or primidone: 

1. Partial seizures with complex symptomatology (psychomotor. temporal 'obe). Pa- 
tients with these seizures appear to show greater improvement than those with other 
types 


318-7567-A 4 





2. Generalized tonic-clonic seizures (grand mal) 
3. Mixed seizure patterns which include the above. or other partial or generalized 
seizures. 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see 
PRECAUTIONS General). 

Because of the necessity for frequent laboratory evaluation for potentially serious si 
effects, Tegretol is not recommended as the drug of first choice in seizure disorders. It 
should be reserved for patients whose seizures are difficult to control or patients expe 
encing marked side effects (e.g.. excessive sedation). 

Trigeminal Neuralgia: Tegreto! is indicated in the treatment of the pain associated 
with true trigeminal neuralgia. 

Beneficial results have also been reported in glossopharynceal neuralgia 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depres 
sion, hypersensitivity to the drug. or known sensitivity to any o` the tricyclic compound 
such as amitriptyline, desipramine, imipramine, protriptybne. nortriptyline, etc, Likewis 
on theoretical grounds its use with monoamine oxidase inhibitors is not recommendec 
Before administration of Tegretol. MAO inhibitors should be discontinued for a minimu 
of fourteen days. or longer if the clinical situation permits 
WARNINGS 
The drug should be discontinued if evidence of significart bone marrow depression 
occurs, as follows 


1) Erythrocytes less than 4,000.000.cu mm 


Hematocrit less than 32% 
Hemoglobin less than 11 gm 100m 
2) Leukocytes less than 4000/cu mm 
3) Platelets less than 100,000/cu mm 


4) Reticulocytes less than 0.3% (20.000 cu mm) 
5) Serum iron greater than 150 pg/109 ml \ 

Patients with a history of adverse hematologic reactior to any drug may be particu- 
larly at risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyells syndror 
and Stevens-Johnson syndrome. have been reparted with Tegretol. These reactions 
have been extremely rare. However. a few fatalities have Deen reported. 

Tegretol has shown mild anticholinergic activity; therefore. patients with increased 
intraocular pressure snould be closely observed curing therapy. 

Because of the relationship of the drug to othertricyclic compounds, the possibility c 
activation of a latent psychosis and, in elderly patients, o' confusion or agitation shoul 
be borne in mind 
PRECAUTIONS 
General: Before initiating therapy. a detailed history and physical examination should 
be made. 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associ- 
ated with increased frequency of generalized convulsions (see INDICATIONS AND 
USAGE) 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients 
with a history of cardiac, hepatic or renal damage. adverse he natologic reaction to 
other drugs. or interrupted courses of therapy with Tegretol. | 
Information for Patients: Since dizziness and drowsiness may occur, patients sho 
be cautioned about the hazards of operating machinery or automobiles or engaging i 
other potentially dangerous tasks 
Laboratory Tests: Complete pretreatment blood counts, including platelets and pos- 
sibly reticulocytes anc serum iron, should be obtained. Any significant abnormalities 
should rule out use of the drug. These same tests should be repeated at frequent 
intervals, possibly weekly, during the first three months o! therapy and monthly there- 
after for at least two tc three years. 

Baseline and periodic evaluations of liver function, particula-ly in patients with a 
history of liver disease, must be performed during treatment with this drug since liver 
damage may occur. The drug should be discontinued immediately in cases of aggra- 
vated liver dysfunction or active liver disease 

Baseline and periodic eye examinations, inclucing slitdamp funduscopy and tonom 
etry, are recommended since many phenothiazines and related drugs have been show 
to cause eye changes. 

Baseline and periodic complete urinalysis and BUN determ nations are recom- 
mended for patients treated with this agent because of observed renal dysfunction. 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the 
efficacy and safety of anticonvulsants. This monitoring may be particularly useful in 
cases of dramatic increase in seizure frequency and for verification of compliance. In 
addition. measurement of drug serum levels may aid in determining the cause of toxic 
when more than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 1 
ministered alone. 

Drug Interactions: The simultaneous administration of phenobarbital, phenytoin. or 
primidone, or a combination of two, produces a marked lowering of serum levels of 
Tegretol 

The half-lives of phenytoin. warfarin, doxycycline, and theophylline were significantly 
shortened when administered concurrently with Tegretol. Haloperidol serum levels ma 
be reduced when the drug is administered with Tegretol. The coses of these drugs ma! 
therefore have to be increased when Tegretol is added to the therapeutic regime. 

Concomitant administration of Tegretol with erythromycin. c metidine. propoxyphene 
isoniazid or calcium channel blockers has been reported to result in elevated plasma 
levels of carbamazepine resulting in toxicity in some cases. Also, concomitant adminis 
tration of carbamazepine and lithium may increase the risk of neurotoxic side effects. 

Alterations of thyroid function have been reported in cc mbir ation therapy with other 
anticonvulsant medications. 

Breakthrough bleeding has been reported among patients receiving concomitant ore 
contraceptives and their reliability may be adversely affected 
Carcinogenicity, Mutagenesis, Impairment of Ferti ity: Carbamazepine, when 
administered to Sprague-Dawley rats for two years in the diet at doses of 25, 75, and 
250 mg/kg/day, resulted in a dose-related increase in the incicence of hepatocellular 
tumors in females anc of benign interstitial cell adenomas in tre testes of males. 

Carbamazepine must, therefore. be considered to be carcinogenic in Sprague- 
Dawley rats. Bacterial and mammalian mutagenicity studies using carbamazepine 
produced negative results. The significance of these findings relative to the use of 
carbamazepine in humans is, at present, unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in repro- 
duction studies in rats when given orally in dosages 10-25 times the maximum human 
daily dosage of 1200 mg. In rat teratology studies 2 of 135 offspring showed kinked rib 
at 250 mg/kg and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate 
1; talipes. 1; anophthaimos, 2). In reproduction studies in zats, nursing offspring demon 
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strated a lack ofwesght gain and an unkempt appearance at a maternal dosage level of 
200 mg/kg. 

There are no adeguate and we!--controlled studies in pregnant women. Tegretol 
shouid be used curng pregnancy only if the potential benefit justifies the potential risk to 
fne fetus 

It is important mote that anticenvulsant drugs should not be discontinued in patients 
in whom the drug@isadministered to prevent major seizures because of the strong pos- 
sibility of precipitatiag status epilepticus with attendant hypoxia and threat to life. In 
individualcases where the severity and frequency of the seizure disorder are such that 
removal of medicatien does not pese a serious threat to the patient, discontinuation of 
the drug may be soesidered prior to and during pregnancy, although it cannot be said 
with any confidercethat even minor seizures do not pose some hazard to the develop- 
ing embryo or fetus. 

Labor and Deliweny: The effect of Tegretol on human labor and delivery is unknown. 
Mursing Mothers During lactation, concentration of Tegretol in milk is approximately 
€0% of the matema: plasma concentration. 

Because of thepettential for serous adverse reactions in nursing infants from carba- 
mazepine, a decssicn should be made whether to discontinue nursing or to discontinue 
t^e drug. taking imtcaccount the importance cf the drug to the mother. 

Pediatric Use: Satety and effectiveness in children below the age of 6 years have not 
teen establishec 

ADVERSE REACTIONS 

| adverse reactiansare of such severity that the drug must be discontinued, the phy- 
gcian must be aware that abrupt discontinuation of any anticonvulsant drug in a 
responsive epilecticipatient may lead to seizures or even status epilepticus with its 
Ife-threatening hazards. 

The most seve adverse reactions have been observed in the hemopoietic system 
(see boxed WARMING), the skin, and the cardiovascular system. 

The most frequertly observed adverse reactions, particularly during the initial phases 
Cf therapy, are dizzimess, drowsiness, unsteaciness. nausea, and vomiting. To mini- 
mize the possibility ^f such reactions, therapy shoulc be initiated at the low dosage 
recommended. 

The following asicztional adverse reactions Fave been reported: 

Hemopoietic Sysæm: Aplastic anemia, agranulocytosis, thrombocytopenia, leukope- 
ria, leukocytosis. ecsinophilia. 

Ekin: Pruritic and er"thematous rashes, urticaria, toxic epidermal necrolysis (Lyells 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS). photo- 
sensitivity reactions: alterations iskin pigmentation. exfoliative dermatitis, erythema 
multiforme and nedesum, purpura. aggravation of disseminated lupus erythematosus. 
&lopecia. and diawheresis. In certain cases. discontinuation of therapy may be 


necessary. 

Cardiovascular Svssem: Congestive heart failure, edema, aggravation of hypertension, 
hypotension, syncoge and collapse. aggravation of coronary artery disease, arrhyth- 
mias and AV blocx, primary thrombophlebitis, 'ecurrence of thrombophlebitis, and 
adenopathy or lymphadenopathy. 

Some of these sacdliovascular cemplications have resulted in fatalities. Myocardial 
ir*arction has been associated with other tricyclic compounds. 

L ver: Abnormalitiesan liver function tests, cho estatic and hepatocellular jaundice, 
hepatitis. 

Fespiratory System: Pulmonary hypersensitivity characterized by fever, dyspnea, 
pneumonitis or pr=umonia. 

Cenitourinary System: Urinary frequency, acu:e urinary retention, oliguria with elevated 
brood pressure. azotemia, renal fa: ure, and imootence. Albuminuria, glycosuria. ele- 
vated BUN and macroscopic deposits in the urine have also been reported. 

Testicular atropmy-occurred in rats receiving Tegretol orally from 4 to 52 weeks at dos- 
age levels:of 50 te-400 mg/kg/day Additionally, rats receiving Tegretol in the diet for two 
years at dosage leveis of 25, 75, and 250 mg/kg/day had a dose-related incidence of 
testicular atrophy ar'd aspermatogenesis. In dogs, it produced a brownish discoloration, 
p'esumably a metabolite, in the urnary bladder at dosage levels of 50 mg/kg and 
higher Relevancetthese findings to humans is unknown. 

Nervous System: Dizziness, drowsiness, disturbances of coordination, confusion, 
headache, fatigue biurred vision, visual hallucinations, transient diplopia, oculomotor 
d'sturbances, nysagmus. speech disturbances, abnormal involuntary movements, 
peripheral neuritisaed paresthesies, depression with agitation, talkativeness. tinnitus, 
and hyperacusis. 

There have been reports of asscciated paralysis and other symptoms of cerebral arte- 
rial insufficiency. tuttthe exact relationship of these reactions to the drug has not been 
established. 

Digestive System™ Nausea, vomiting, gastric distress and abdominal pain, diarrhea. 
constipation, anorexia, and dryness of the mouth and pharynx, including glossitis and 
Eves: Scattered, gurctate, corticalllens opacities, as well as conjunctivitis have been 
reported. Although &direct causal relationshipihas nct been established, many pheno- 
thiazines and relateadrugs have been shown to cause eye changes. 

Musculoskeletal System: Aching joints and muscles, and leg cramps. 

Metabolism: Fever: aad chills. Inappropriate artidiuretic hormone (ADH) secretion syn- 
dome has been raperted. 

DRUG ABUSE AND DEPENDENCE 

Nob evidence of abuse potential has been associated with Tegretol, nor is there evidence 
ot psychological o pmysica! dependence in humans. 

OVERDOSAGE 

Azute Toxicity 

Lewest known lett-al dose: adults, >60 g (39-yaar-old man). Highest known doses 
survived: adults, 39 e (31-year-old woman); children, 10 g (6-year-old boy); small chil- 
dien, 5 g (3-year-cid'girl). 

Oral LDs in animats (mg/kg): mice. 1100-3750; rats, 3850-4025; rabbits, 1500-2680: 
guinee pigs, 920. 

S.gns and Symptoms 

The first signs ancsymptoms appear after 1-3 ^ours. Neuromuscular disturbances are 
the-mest prominer*. Cardiovascular disorders are generally milder, and severe cardiac 
ccmplications occsr only when very high doses (>60 g) have been ingested. 
Respiration: Irreguiar breathing, respiratory depression. 

C2rdiovascular System: Tachycardia, hypotension or hypertension, shock, conduction 
deorders. 

Nervous System enc:Muscles: impairment of consciousness ranging in severity to 
deep coma. Convuiszons, especially in smal! children. Motor restlessness, muscular 
twitching, tremor, athetoid movements, opistho:onos, ataxia. drowsiness, dizziness, my- 
dilasis, nystagmus. adiadochokinesia, ballism, psychomotor disturbances, dysmetria. 
Inetial hyperreflexia. fllowed by hyporeflexia. 

G2straintestina! Tract Nausea, vomiting. 

Krineys and Blader Anuria or oliguria, urinary retention. 


Laboratory Findings: Isolated instances of overdosage have inciuded leukocytosis, 
reduced leukocyte count. glycosuria and acetonuria. EEG may show dysraythmias. 
Combined Poisoning: When alcohol. tricyclic antidepressants, barbiturates or hydan- 
toins are taken at the same time, the signs and symptoms of acute poisoning with 
Tegretol may be aggravated or modified. 

Treatment 

The prognosis in cases of severe poisoning is critically dependent upon prompt elimina- 
tion of the drug, which may be achieved by inducing vomiting, irngating the stomach, 
and by taking appropriate steps to diminish absorption. If these measures annot be 
implemented without risk on the spot, the patient should be transferred at cnce to a hos- 
pital, while ensuring that vital functions are safeguarded. "here is no specric antidote. 
Elimination of the Drug: Induction of vomiting. 

Gastric lavage. Even when more than 4 hours have elapsed following ingestion of the 
drug, the stomach should be repeatedly irrigated, especially if the patient has also con- 
sumed alcohol. 

Measures to Reduce Absorption: Activated charcoal, laxatives. 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with renal failure. Replace- 
ment transfusion is indicated in severe poisoning in small children. 

Respiratory Depression: Keep the airways free; resort, if necessary, to encotracheal 
intubation, artificial respiration, and administration of oxygen. 

Hypotension, Shock: Keep the patients legs raised and administer a plasma expander. 
If blood pressure fails to rise despite measures taken to increase plasma vclume, use of 
vasoactive substances should be considered. 

Convulsions: Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory depression especially in 
children), hypotension, and coma. However, barbiturates should not be used if drugs 
that inhibit monoamine oxidase have also been taken by the patient either n overdos- 
age or in recent therapy (within one week). 

Surveillance: Respiration. cardiac function (ECG monitoring), blood pressure. body 
temperature, pupillary reflexes, and kidney and bladder function should bemonitored 
for several days. 

Treatment of Blood Count Abnormalities: \f evidence of bone marrow depression de- 
velops, the following recommendations are suggested: (1) stop the drug, (2 pertorm 
daily CBC, platelet and reticulocyte counts, (3) do a bone marrow aspiratio« and tre- 
phine biopsy immediately and repeat with sufficient frequency to monitor recovery. 

Special periodic studies might be helpful as follows: (1) white cell and plaelet anti- 
bodies, (2) 5%Fe—terrokinetic studies, (3) peripheral biooc cell typing, (4) G/togenetic 
studies on marrow and peripheral blood, (5) bone marrow culture studies far colony- 
forming units, (6) hemoglobin electrophoresis for A; and F hemoglobin. ane (7) serum 
folic acid and B,; levels. 

A fully developed aplastic anemia will require appropriate, intensive monttoring and 
therapy. for which specialized consultation should be soucht. 

DOSAGE AND ADMINISTRATION 

Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS Laboratory Tests). Dosage should be adjusted to the needs of the 
individual patient. A low initial daily dosage with a gradual increase is advised. As soon 
as adequate control is achieved, the dosage may be reduced very graduall- to the mini- 
mum effective level. Tablets should be taken with meals. 

Epilepsy (see INDICATIONS AND USAGE). 

Adults and children over 12 years of age—Initial: 200 mg b.i d Increase at weekly 
intervals by adding up to 200 mg per day using a t.i.d. or q. .d. regimen untilithe best 
response is obtained. Dosage should generally not exceed 1000 mg daily ir children 12 
to 15 years of age. and 1200 mg daily in patients above 15 years of age. Doses up to 
1600 mg daily have been used in adults in rare instances. Maintenance: Adjust dosage 
to the minimum effective level, usually 800-1200 mg daily. 

Children 6-12 years of age—Initial: 100 mg b.i.d. Increase at weekly inter-als by 
adding 100 mg per day using a t.i.d. or q.i.d. regimen until the best response is obtained. 
Dosage should generally not exceed 1000 mg. Maintenance: Adjust dosage to the 
minimum effective level, usually 400-800 mg daily. 

Combination Therapy: Tegretol may be used alone or with other anticonvulsants. 
When added to existing anticonvulsant therapy. the drug should be added cradually 
while the other anticonvulsants are maintained or gradually decreased, except pheny- 
toin, which may have to be increased (see PRECAUTIONS Drug Interactions). 
Trigeminal Neuralgia (see INDICATIONS AND USAGE). 

Initial: 100 mg b.i.d. on the first day for a total daily dose of 200 mg. This daily dose may 
be increased by up to 200 mg a day using increments of 100 mc every 12 haurs only as 
needed to achieve freedom from pain. Do not exceed 1200 mg daily. 

Maintenance: Control of pain can be maintained in most patients with 400 mg tc 

800 mg daily. However, some patients may be maintained on as little as 20C mg daily, 
while others may require as much as 1200 mg daily. At least once every 3 months 
throughout the treatment period, attempts should be made to reduce the dose to the 
minimum effective level or even to discontinue the drug. 

HOW SUPPLIED 

Chewable Tablets 100 mg—round, red-speckled, pink, single-scored (impantec 
Tegretol on one side and 52 twice on the scored side) 
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Box of 100 

Cop Do E PITT ced ds tate a af Tr rv NDC 0028-0052-61 
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The Electroencephalogram in Alzheimer-Type Dementia 


A Sequential Study Correlating the Electroencephalogram 
With Psychometric and Quantitative Pathologic Data 


Alex Rae-Grant, MD; Warren Blume, MD; Catherine Lau, EScN; Vladimir C. Hachinski, MD; 


Michael Fisman, MB; Harold Merskey, DM 


e As part of a longitudinal cohort study 
of dementia, 139 patients with Alzheim- 
er's disease (dementia of the Alzheimer 
type, senile dementia of the Alzheimer 
type, and mixed type [ischemic score, 4 
to 7]) and 148 age-matched control sub- 
jects were evaluated for electroencepha- 
lographic (EEG) abnormalities and their 
evolution. Electroencephalograms were 
significantly different in the two groups; 
EEGs worsened overall in the two groups 
during a period of one to four years, but 
most subjects showed no alteration in 
their EEGs. Some patients showed 
improvement in their EEG findings during 
the follow-up period. A strong correlation 
between EEG grade and psychometric 
Scores was consistently found over 
sequential studies. In a subgroup of 
patients on whom autopsies were per- 
formed, morphometric neuron loss corre- 
lated significantly with EEG severity. 

(Arch Neurol 1987;44:50-54) 


Mary studies have examined elec- 

troencephalographic (EEG) 
changes in patients with dementing 
disorders. However, there is still a 
need for representative, reliable 
data. 

To obtain such information, a num- 
ber of conditions must be met. First, a 
longitudinal study is necessary, with a 
group of patients with dementia and 
an age-matched healthy cohort, fol- 
lowed up for a period of several years. 
Second, well-defined clinical diagno- 
ses are required, which are standard- 
ized to the medical literature, with 
ultimate pathologic verification. 
Third, exclusionary criteria must be 
defined. Fourth, regular follow-up is 
desirable, with clinical, psychological, 
and laboratory investigations. Fifth, 
EEG analysis must be performed well 
and utilize methods standard to most 
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laboratories. Sixth, morphologic and 
biochemical follow-up of the clinical 
data at autcpsy are needed. Last, cor- 
relations of clinical, EEG, psycho- 
logical, and quantitative pathologic 
studies must be available at regular 
intervals throughout the study. 

To our krowledge, no study has yet 
met all of these criteria. A few are 
from longitudinal cohorts,25* but 
most are selected from hospital 
admissions. ??*252831 

Of course, only the more recent 
studies use criteria from the Diagnos- 
tic and Statistical Manual of Mental 
Disorders? or National Institute of 
Neurological and Communicative Dis- 
orders and Stroke-Alzheimer's Dis- 
ease and Related Disorders Associa- 
tion? work group recommendations 
for diagnosis of Alzheimer's disease. 
Indeed, the types of patients included 
in earlier studies included those with 
pneumoencephalographie "atrophy" 
of various causes,” those with “schizo- 
phrenia,"* and mixed groups of 
demented patients, without typing by 
clinical diagnosis.” Some of the best 
studies have emphasized patients 
with preserile dementia of the Alz- 
heimer type, and have not assessed 
older patients with senile demen- 
tia.^*"* The recent changes in diagnos- 
tic characterization have made older 
studies diffieult to compare with new- 
er data.” 

Only a few studies have defined 
their exclusion criteria,” and only 
rarely have these been quantified.” 
Many patients are chosen from resi- 
dential psychiatric or geriatric facili- 
ties, and thus patients living in the 
community or other institutions are 
excluded de facto.*/52925262935 Unless a 
study draws from various sources (eg, 
nursing homes, psychiatric institu- 
tions, private homes), its findings can- 
not easily be generalized. 

Electroercephalographic tech- 
niques in many studies have varied. 
Most of the studies performed prior to 
the late 1960s used six- to eight-chan- 
nel recording from a variety of lead 
locations.*' 5 More recent studies 
have often stressed computer manipu- 
lation of EEG data, using Fourier 


analysis to estimate the quantity of 
spectral frequencies. These studies 
use selected short epochs of EEG 
data, and often are restricted to 
two or three derivations of EEG 
leads.'??/5? Paroxysmal and regional 
EEG abnormalities are lost with such 
manipulations, and the state of alert- 
ness is not controlled for. 

Although correlations of clinical 
and EEG data have been done, they 
are usually restricted to EEGs per- 
formed once per patient. Indeed, 
although it is often found that EEG 
data show progressive worsening 
throughout the course of dementia of 
the Alzheimer’s type (DAT), little 
published evidence supports this. 
Most studies depend on EEGs from 
different patients at different stages 
in their diseases, with extrapolation 
of the data to describe putative longi- 
tudinal changes. */419520:2 The few 
studies done sequentially in demented 
patients did not always show progres- 
sion during the study period. In Gor- 
don’s study,’ two of nine patients had 
no change in EEG findings over a 
period of nine to 48 months. Johanne- 
son et al,’ in the seven sequential 
studies done, found in three of seven 
patients that EEG data did not 
change in any way during a four-year 
follow-up. Letemendia and Pampi- 
glione" noted no significant altera- 
tions "in a number of cases." 

A very recent longitudinal study 
evaluated patients for up to 2% years 
to assess changes in EEG background 
frequencies? The authors used spec- 
tral power analysis of 28 epochs (four 
sixteen-second [4 X 16 sec] recordings) 
to assess alterations in a-, 0-, 8-, and ô- 
wave activities in 43 patients with 
senile dementia of the Alzheimer type 
(SDAT) and 43 age-matched controls. 
Overall, the patients had significant 
increases in 6 and @ activity, with 
diminution of normal a activity. How- 
ever, the analysis did not clarify 
whether there was a subgroup of 
patients whose EEG findings indi- 
cated improvement. It is interesting 
to note that at one year, two patients 
in the severely impaired group 
showed EEGs indistinguishable from 
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Table 1.—Study Cohort Demographic Data * 


Patients Controls 





Average ag , y 73.08 + 8.85 70.90 + 6.09 
Range, y 50-90 47-90 
Stratified acs, y 

Less thas 60 12/139 3/148 

61-70 36/139 62/148 

71-80 66/139 75/148 

81-abcve 25/139 8/148 
Sex, M/F- 69/70 84/64 
Patient age 3t estimatec onset, y 68.18 + 9.07 
Patient age at onset, stratified 

Less thar 51 7/139 

51-80 23/139 

61-70 55/139 

71-80 44/139 

81-90 10/139 

Patient estimated duration at 

first eiectroencephalogram, y 4.89 + 3.50 





*Data from 739 patients, 148 control subjects. 


those of cortrol subjects. 

Most  irvestigators performing 
EEG stud:es using pathologic materi- 
al have mo stated their criteria for 
pathologie diagnosis or included 
quantitat:»* data.*''*'7 Only two 
series incuded more than 20 patho- 
logically verified cases of DAT (Mul- 
ler and Scawartz'* and Muller and 
Kral” with 37 patients, and Gordon’ 
and Gorden and Sim* with 60 
patients). Jnly Gordon’s study in- 
cluded mem than one recording on 
each patierz (total, 13 patients). 

A recent study of 17 patents with 
DAT conceatrated on neuron counts, 
neurofibrillary tangles, and senile 
plaques in. emporal neocortical biop- 
Sy specimens, as well as on neuro- 
chemical :rdexes.5 A significant cor- 
relation bemveen clinical rating and a 
decrease in neuronal counts was 
found, ana 10 association with neuro- 
fibrillary -angle or senie plaque 
counts was-apparent. 

Clearly he present data base for 
understand ng EEG changes in DAT 
presents some methodologic prob- 
lems. Only -ecently has the emphasis 
shifted te large cohort studies for 
representative longitudinal sampling. 

In the present study, part of a 
major cohert-longitudinal study of 
dementia. we were able to assess 
many secvential EEGs in patients 
with clinz.lly and/or pathologically 
well-definee DAT. A cohort of the 
healthy e:derly was also available for 
study. Although these were initially 
selected groups, the exclusicn criteria, 
clinical categories, EEG anzlyses, and 
neuropsychplogical and pathologic 
studies we-e all well-defined. This 
enabled us to document some of the 
sequentia. and specific EEG parame- 
ters in this population, anc to corre- 
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late them with psychometric and 
some morphometric data. 


PATIENTS AND METHODS 


This report is from the ongoing work of 
the Dementia Study Group of the Univer- 
sity of Western Ontario, London. Patients 
are referred to the group with an initial 
diagnosis of dementia. Referrals originate 
from general practitioners, neurologists, 
psychiatrists, and  geriatricians. Age- 
matched controls come from a number of 
sources, including spouses of dementia- 
study patients, healthy elderly volunteers 
from the community, and some residents 
of nursing homes and of the Parkwood 
Hospital in London, Ontario. Some have 
been recruited from a study on aging and 
exercise in retirees (University of Western 
Ontario), and others are found through 
random mailings. The study is based on the 
local population around London in south- 
western Ontario. Informed consent is 
obtained from all participants after full 
explanation of their role in the study. 

A standard investigational battery is 
undertaken in each patient and control: (1) 
a neurologic history and examination 
undertaken by a study neurologist 
(V.C.H.), utilizing clinical findings, Diag- 
nostic and Statistical Manual For Mental 
Disorders? diagnostic criteria for demen- 
tia, and the Ischemic score," to arrive at an 
initial clinical diagnosis: DAT, mixed Alz- 
heimer’s/multi-infarction dementia (Is- 
chemic score, 4 to 7), multi-infarct demen- 
tia (Ischemic score, more than 7), and 
other types of dementia; (2) a chart review 
by the study psychiatrist (H.M.) searching 
specifically for psychiatrically defined 
forms of nondementia (eg, involutional 
psychoses, pseudodementia), with exami- 
nation of inpatients by psychiatrists (M.F., 
Vojtech A. Kral, MD); (3) a medical and 
social review and interview with relatives 
by the liaison officer for the study (Han- 
nah Fox, MB); (4) neuropsychological test- 
ing consisting primarily of two standard- 
ized dementia seales (vide infra); (5) com- 
puted tomography using a standard imag- 
ing technique and a third-generation scan- 


ner (General Electric 9800); and (6) EEGs 
performed by one of two electroencepha- 
lographers (W.B. or R.S.MeL.). 

These investigat.ons are performed in 
all patients and controls enrolled in the 
study, and the clin.cal tests (4 through 6, 
above) are repeated regularly. One EEG is 
done yearly, and n2uropsrchological test- 
ing is performed every taree months in 
patients, and every six moaths in controls. 
Autopsies have been percormed in over 
75% of patients and controis who have died 
during this study. Diagnostic and morpho- 
metric evaluation is performed on the left 
half of the brain.*? 


Neuropsychological Testing 


Two psychometr:c instruments are uti- 
lized in this study, the Exzended Scale for 
Dementia (ESD) and the London Psycho- 
geriatric Rating Scale.“ The ESD was 
developed from the scale o? Coblentz et al* 
after investigating other existing tests of 
dementia. It has a Pearson correlation 
coefficient of .94 for a six-week test/retest 
reliability." It separated patients with 
dementia from other patients with an 
accuracy of 86%. It is capable of identify- 
ing patients with severe d sease. The Lon- 
don Psychogeriatric Rating Scale, al- 
though well validated for the purposes of 
the overall study, did not accurately reflect 
late-stage disease, and the results it 
yielded were not used in the present analy- 
sis. 

The ESD is a test of coznitive function 
that extends measurement to patients who 
are intellectually at or belcw the lower end 
of the Wechsler Adult Intelligence Scale.” 
High scores indicate better perfor- 
mance.” 


EEG Methodo ogy 


Sixteen-channel awake 2EGs were per- 
formed using collodion-applied electrodes 
according to the Ten-Twerty System for a 
minimum of 30 minutes." As spontaneous 
drowsiness and light sleep occur moderate- 
ly frequently among the e:derly, the tech- 
nicians were ins:ructed to keep the 
patients awake for grea:er interpatient 
consistency, and because nore abnormali- 
ties appear during wakefulness than 
drowsiness. No attempt at systematic sleep 
recordings was made. Hyperventilation 
was omitted because of th» patients' ages. 
Photic stimulation was also omitted 
because it distressed mamy patients and 
gave no additional data in an earlier pilot 
study. 

Each EEG was read knowing the 
patient's age, but the electroencephalog- 
rapher was unaware of the patient's clini- 
eal condition and of the results of any 
previous EEGs. 

Following a pilot study, tne EEG findings 
were classified as follows: (0) uninterpret- 
able because of excessive artifact from im- 
paired patient cooperatiorg (1) normal for 
age; (2) mild but definitely excessive 0 
and/or bitemporal spikes the latter ap- 
peared rarely; (3) moderateexcess 0 activity 
diffusely and/or bursts of bisynchronous, 
diffuse rhythmic 2- to 3-Hz waves; (4) one 
or more of: persistent diffuse 0, bisynchron- 
ous spikes or sharp waves, and triphasic 
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Table 2.— Sequential Electroencephalogram (EEG) Data in Patients and Controls, 
Including Presence of Focal Abnormalities and Triphasic Waves 


Patients (n = 139) 
First EEG (n = 139)* 


Second EEG (n = 86)t 
Third EEG (n = 33)t 
Fourth EEG (n = 10) 


Controls (n = 148) 
First EEG (n » 148)* 


Second EEG (n = 101)t 
Third EEG (n = 24)t 
Fourth EEG (n = 1) 


* X? = 107, P< .0001. 





tx? = 84.7, P< .0001. 


Triphasic 


tx? = 30.3, P< .0001. 


Table 3.—Electroencephalographic (EEG) Data Comparing First EEG With Second, 
Third, and Fourth Sequential EEGs in Patients and Controls * 


Worsening 





Patients 
EEG 1—EEG 2 (n = 86) 2 12 
EEG 1—EEG 3 (n = 33) 2 
EEG 1—EEG 4 (n = 10) 2 2 
Controls 
EEG 1—EEG 2 (n = 101) 0 2 
EEG 1—EEG 3 (n = 24) 0 0 


Grade Change in EEGt 


Improving 
Same 





22 40 6 3 1 
9 16 2 0 1 
1 3 1 1 

12 81 6 0 0 
3 21 0 o 0 


* Correlation of first with second and first with third EEGs in subjects was as follows: patients: first vs 
second EEG, Pearson coefficient, .49 (P — .001); first vs third EEG, .43 (P = .007); controls: first vs second 
EEG, Pearson coefficient, .73 (P « .001); first vs third EEG, .90 (P < .001). 

tNegative scores indicate a worsening of EEG grade: 0 indicates no change; and positive scores indicate 


improving EEG. 


waves; and (5) focal abnormalities. Catego- 
ries 0 through 4 are mutually exclusive, but 
category 5 could coexist with any one of 
categories 1 through 4. 


Statistical Analysis 


The Statistical Package for the Social 
Sciences version 9.0 was used.* A subfile of 
the year of birth, date of onset, sex, Ische- 
mic score, diagnosis, EEG grades, ESD 
scores, presence of triphasic waves, and 
date of EEG and ESD studies was 
extracted for analysis. Data were cross- 
tabulated and age-stratified for some anal- 
yses, and Pearson correlation coefficients 
and x? analyses were used as described in 
the "Results" section. Multivariate analy- 
sis with repeated measures was used in the 
assessment of EEG and ESD correlation. 
The statistical analysis was reviewed in 
part by a statistician affiliated with the 
Dementia Study (Alan Donald, PhD). 


RESULTS 


Between 1978 and 1986, 477 subjects 
entered the study, 318 patients with 
dementia, and 159 control subjects. 
From the dementia cohort, 137 were 
excluded from the overall analysis 
because of incomplete neurologic 
assessment. From the remaining 181, 
18 were excluded because they had not 
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had EEGs or had technically uninter- 
pretable studies. Of the remainder, 
nine had Ischemie scores of 7 or more 
(probable multi-infarct dementia), 
and 15 had clinical diagnoses other 
than Alzheimer’s disease (eight had 
pseudodementia, two alcoholic de- 
mentia, two progressive supranuclear 
palsy, one multi-infarct dementia, and 
one suspected Creutzfeldt-Jakob dis- 
ease). The remaining 139 patients rep- 
resented the clinieal study group of 
Alzheimer's disease (DAT and SDAT, 
as well as mixed-type dementia [Is- 
chemic score, 4 to 7)). 

Among the control cohort, 11 had no 
EEGs performed and were therefore 
unsuitable; the remaining 148 sub- 
jects were analyzed for the study. A 
number of patients and control sub- 
jects left the study after initial evalu- 
ations or during the follow-up period. 
However, these formed a small per- 
centage of the total population (27 
[5.675] of 477), and the data available 
were sufficient for the present analy- 
sis. 

The average age at first EEG was 
73.08 + 8.85 years for the patients, 
and 70.90 + 6.09 years for the controls 


(Table 1). There were more patients in 
older age groups than controls, but 
this was not statistically significant. 
Sixty-nine (49.5% ) of the patients and 
eighty-seven (59%) of the controls 
were men. The average patient age at 
estimated onset was 68.18 + 9.07 
years, and the estimated duration was 
4.89 + 3.50 years at the time of the 
first EEG. 


EEG Results 


Fifty-three patients had one EEG 
study only, 53 had two studies, 23 had 
three studies, and ten had four or 
more. Among the controls, 47 had one 
study, 77 had two, 23 had three, and 
one control had four EEGs. 

On a qualitative basis, the EEG 
findings were similar to those in 
many previous studies; there were 
numerous examples of slowing of the 
background rhythm (6 and 6 activity), 
superimposition of focal abnormali- 
ties, spikes, sharp waves, asymme- 
tries, and triphasic waves.”*!22427.40 

In the first three EEG studies the 
patients’ EEGs were significantly 
more abnormal than those of the con- 
trols (Table 2). In the fourth, due to 
small numbers, statistical evaluation 
was omitted. As in other studies, how- 
ever, there was some overlap between 
the patients’ and the control subjects’ 
EKG results. Thus, 39 (14%) of the 
patients’ 268 studies were normal, and 
75 (27%) of 274 contro! studies, were 
mildly to moderately abnormal. Focal 
abnormalities for age appeared in the 
first EEGs of 13% and 14% of 
patients and control subjects, respec- 
tively. Triphasic waves were found 
only in the patients (15 [5.6%] of 268 
EEG studies), and were always associ- 
ated with other severe disturbances 
such as 6 grades one to three, and/or 
bisynchronous spikes or sharp waves. 
Excessive 0 activity (grade 4) was not 
found in the control group. 

We compared the first EEG done in 
each patient and control subject with 
the second, third, and fourth EEGs 
(Table 3). In both the patient and 
control groups, there was a tendency 
for the EEG scores to indicate wors- 
ening from the first to the second, 
third, and fourth studies. However, 
there was an even greater tendency 
for the findings to remain the same. 
Indeed, a small percentage of the 
EEGs from patients with dementia 
showed improvement (1276 improving 
from initial to final study), and in 
three patients this was apparent over 
a four-year follow-up period. The 
EEGs did not, therefore, show a 
monotonous progression to slower and 
more malignant rhythms, but varied 
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Table 4.—Correlation of Electroencephalographic (EEG) Data With 
the Extended Scale for Dementia (ESD) Scores in Patients With Dementia 
of the Alzheimer Type and Control Subjects 


Variable Pairs 


Controls 
First EEG-and ESD (n = 148) 


Seconc EEG and ESD (n = 101) 
Third EEG and ESD (r = 24) 


Patents " 
Farst EEGeand ESD (n= 139) 


Second EEG and ESD (n = 86) 
Third EEG and ESD (n = 33) 
Fourth SES and ESD «n = 10) 





Pearson 


Coefficient P Values 


—0.1335 
—0.1792 
—0.4910 


—0.1870 
—0.5940 
—0.5880 
—0.7240 


“Mutivariant analysis witn repeated measures on all studies, ESD and EEG data; P < .05, F = 4.027, 


t= —2207. 


Last EEG Grade 


a LM ——————— 





Patients 


Progression of EEGs 
M MÓ—M 
No. of 
Patients 


No. of 
Change 


*Dermographi- data from 19 patients: average age at death, 78.1 + 7.1 years (range, 59 to 92 years); 
average age at estimated onset, 69.1 + 7.8 years (range, 52 to 83 years); estimated clinical duration, 
9.1 + 42 years ‘range, two to 20 years); number of patients less than 70 years of age at onset, ten; sex, ten 
women, nine men. Presence of specific abnormalities (in a total of 41 EEG studies) was as follows: 6 waves 
dominar* rhythm. 12 (2996); tnphasic weves, two (596); spikes or sharp waves, five (1296); focal abnormalities, 


one (299. 


Table 6.—Cerrelation o! Morphometric Results and Electroencephalographic (EEG) Data * 


Morphometric Data 


—————Ó——————U 


Neuron 





EEG grade 1 3 (n = 9) 4584 + 1319 


3377 + 976T 


EEG grade-4 {n = 10) 


* Date from 1E patients. 


Density, Cells/mm? 





Adjusted 
Tangle 
Index 
73.3 + 62.4 
63.5 + 44.5 


Granulovacuolar 
Index 
191 + 152 
255 + 1071 





tP = 229 for EEG grade 1 to 3 vs grade 4 (two-tailed f test). 
+P = 028 for granulovacuelar ratio (granulovacuolar index / neuron density) for EEG grade 1 to 3 vs 4. 


in pregression and pattern. In both 
the contro! subjects, and the patients, 
the first EEG correlated strongly 
with the second and third EEG per- 
formed in each subject, emphasizing 
the overall stability ef the EEG pat- 
tern (Table 2). In the patients, part of 
this stability was probably due to a 
maximal initial grace (ie, grade 4), 
and 47% (22/47) of the patients not 
changing from first tc seconc or third 
EEG showec this initial grade. 


Psychometric Data 


We compared the ESD and EEG 
results for the control subjects and 
patients using Pearson’s coefficient of 
correlation, as well as multivariate 
analysis with repeated measures (Ta- 
ble 4). As the EEG results worsened 
(ie, grade increased), the ESD scores 
also indicated deterioration (de- 
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creased). Overall, the correlation was 
strongest in the patients, and was 
statistically significant using both 
means of analysis. 

To diminish the possible bias from 
age changes, we stratified the groups 
into ten-year age brackets, and cross- 
tabulated these populations with the 
ESD and EEG data from the first 
EEG and ESD results. There was no 
significant intergroup variation, 
which reduces the possibility that age 
significantly confounded these re- 
sults. 


Pathology and EEG Data 


At the time of this study, 29 of these 
patients had come to autopsy. Nine- 
teen had EEG studies, a pathologic 
diagnosis of Alzheimer’s disease," 
morphometric measures of hippocam- 
pal neuronal density (cells per cubic 


millimeter), adjusted tangle indexes, 
and granulovacuolar degeneration 
indexes. None of the patients from 
the study had a major neuropatho- 
logic diagnosis different from Alz- 
heimer's disease. 

In the 19 patients with morphome- 
try, the average age at death was 
78.1 + 7.1 years, and the average age 
at estimated onset was 69.1 + 7.8 
years; half the patients were younger 
than 70 years of age at onset (Table 5). 
The estimated duration was 9.1 + 4.2 
years, and ten (53%) of the patients 
were female. Nine of these patients 
had had their initial evaluation prior 
to 1982, and thus were excluded from 
the overall data interpretation. How- 
ever, the diagnosis of Alzheimer's dis- 
ease was established pathologically as 
well as on a clinical basis. 

Electroencephalographic data (Ta- 
ble 5) showed that most of the 
patients had severe EEG changes, 
excessive ó-wave activity, triphasic 
waves, and spikes or sharp waves 
were frequent in this group. One 
patient showed focal abnormalities. 

Nine patients had mild to moderate 
EEG abnormalities on their most 
recent EEG (grades 1 to 3), while ten 
had severe changes (grade 4). We com- 
pared the two groups and found a 
statistically signidcant difference in 
neuron density and granulovacuolar 
ratio (granulovacuolar index/neuron 
density): neuron count, 4584 + 1319 vs 
3377 + 976 (P = .029); granulovacuo- 
lar ratio, 0.0445 + 0.034 vs 0.0768 + 
0.027 (P = .027). This relationship was 
present when the data were stratified 
into all four EEG grades and sub- 
jected to a Pearson correlation test 
(P « .05). Notably, there was no indi- 
cation that the tangle index corre- 
lated with EEG severity in this group 
(Table 6). 


COMMENT 


Although it has become almost axi- 
omatie that the EEG progresses with 
the march of Alzheimer's disease, this 
study does not fully support this the- 
sis. A large proportion of patients 
with Alzheimer's disease followed up 
in this study showed a tendency to 
remain stable in tneir EEG patterns, 
and even in some cases to improve 
over two to three years. These resuits 
are at odds with same of the previous- 
ly published data, as there has been a 
consensus in the literature that the 
EEG data indicate worsening as the 
disease progresses ?'?*^* The few lan- 
gitudinal studies available tend to 
support the present findings, al- 
though a recent study? showed overall 
changes in power spectra with time, 
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and indicated that the patients pro- 
gressed at one and 2% years. These 
discrepancies point out the need for 
longer-term studies in this area, to 
more fully document the EEG evolu- 
tion and study subgroups of patients. 

As in prior EEG evaluations, the 
EEG does not fully discriminate DAT 
and SDAT from age-matched con- 
trols. However, the strong correlation 
obtained suggests that EEG findings 
indicate whether Alzheimer's disease 
is more or less likely when clinical 
evaluation leaves doubt. Thus a nor- 
mal EEG occurred four times more 
often in the control subjects than in 
patients, and some features such as 
diffuse 6 and triphasic waves never 
appeared in controls. Other qualita- 
tive features were similar to prior 
investigations. 

The sequential EEG data correlated 
well with a well-validated psychomet- 
ric test (ESD). This relationship was 
present in the first, second, and third 
EEGs performed, and a similar rela- 
tionship was present in the controls. 
These correlations extend and support 
the previous findings from this group 
and others.71014.15.19,20,49 

It is a striking finding that more 
severe EEG alterations, particularly 
excessive 6 activity, correlate well 
with the presence of more severe neu- 
ronal loss in the hippocampi, and with 
an increased granulovacuolar ratio. It 
is of interest that the correlation is 
with neuron density rather than with 
tangle index or absolute granulovac- 
uolar index. A similar relationship 
has been found recently in temporal 
cortex biopsy specimens in patients 
with DAT.* The authors noted that 
decreases in neocortical neuron count 
and nuclear volume correlated with 
indexes of dementia severity. Our 
findings extend these observations to 
the hippocampus and to EEG correla- 
tions. Further evaluation of this rela- 
tionship, including assessment of cor- 
relation with changes in other brain 
areas, will be of value in additional 
cases still under study. 
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When levodopa therapy is required for your Parkinson's 
patients, the early addition of PARLODEL’ (bromocriptine 
mes~late}... 


(J ACHIEVES EFFICACY EQUAL OR SUPERIOR TO LEVODOPA 
ALONE — rt with significantly lower doses of 
-.levacopa'? 


- E HELPS AVOID OR MINIMIZE COMPLICATIONS net 
fourd with long: -term, high-dose aac 
morotherapy” 


PARLODEL® (bromocriptine mesylate) and levodopa" combined 
(^ = 28) compared with levodopa* alone (n = 217) 


Fewer Complications 


= Improvement in End of dose 


parkinsonian symptoms disturbances Dyskinesia 


Leweeoga in combinatien with a deca rboxylase Bromocriptine 
y and Levodopa 
timpravement in parkinsonian disability evaluated 
commumigtothe y Columbia Universit’ mare Scale. g Levodopa 

ip-3.30*3s compared to levodopa dione 
$p--3.25 ss compared tc levodopa sine.’ Adapted from Rinne UK.? 


Studiesneve shown that nausea, confusion, 
hypotension, hallucinations occur more fre- 
quent win PARLODEL* (bromocsiptine mesy- 
late) feared patients than in those patients 
reatexwith levodopa/carbidcpa. These 
reacttznsare generdily dose dependent. 


~ Please see prescribing information 
— . on following page 
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Instead of increasing 
levodopa dosage 


ADD PARLODEL NOW 


(bromocriptine mesylate) 


TABLETS: 21/2 mg CAPSULES: 5 mg 















Begin early with low doses and a slow titration 





AM PM DAILY TOTAL 





. Starting dose 
First two weeks as tolerated 
After 2-4 weeks as required 


After 2-4 weeks as required 













When patients are stabi lized: *At.i.d. dosage may give betterresults in some patients. 
PARLODEL" Capsules, 5 mg 
for easier dosage and improved compliance 
References: it 2^ i PRECAUTIONS Abnormalities in ply may include elevations in blood urea 
1. OF Fane aansten o bromocriptine and levodopa 2 - (eds) ao. General nitrogen, SGOT, SGPT, GGPT, CPK, alkaline phosphatase and uric acid. 
, Marsden CD, | : Safety and efficacy of Parlodel® (bromocriptine mesylate) have not been which are usually transient and not of ciinical significance. 
Ren eal Cam CON eee ose Dias. Now Yrs, ee in alerts wit enar DOSAGEAND ADMINISTRATION 
2. Fischer P-A, Przuntek H, Majer Metal: Combined treatment of early stages of Parkinson's D General P 
Parkinson's syndrome with bromocriptine and levodopa: A multi-center Safety during long-term use for more than two years at the doses re- It is recommended that Parlodel® (bromocriptine mesylate) be taken 
evaluation. Dtsch Med Wochenschr 109(34):1279-1283, 1984. . quired for parkinsonism has not been established. with food. Patients should be evaluated frequently ee doen escala- 
3. ea UK: oe hos igre A gaat therapy early in Parkinson's As with any chronic therapy, periodic evaluation of hepatic, hematopoi- tion to determine the lowest dosage that produces a therapeutic re- 
sease. Neurology 35:1196-1198, 1985. etic, cardiovascular and renal function is recommended. Symptomatic sponse. 
hypotension can occur and, therefore, caution should be exercised Parkinson's Disease 
PARLODEL® when treating patients receiving antihypertensive drugs. The basic principle of Parlodel® (bromocriptine mesylate) therapy is to 
romocriptine mesylate) tablets, USP High doses of Parlodel® (bromocriptine mesylate) may be associated initiate treatment at a low dosage and.on an individual basis, increase 
Prost mesylate) capsules with confusion and mental disturbances. Since parkinsonian patients the daily dosage sit oh a maximum therapeutic response is 
AND USAGE may manifest mild degrees of dementia, caution should be used when achieved. The dosage of levodopa during this introductory period should 
Parkinson's Disease treating such patients. be maintained, if possible. The initial dose of bromocriptine is one-half of 


Parlodel® (bromocriptine mesylate) tablets or capsules are indicated in Bromocriptine administered alone or concomitantly with levodopa a 2 1/2 mg tablet twice daily with meals. Assessments are advised at 
the treatment of the signs and symptoms of idiopathic or postencepha- may cause hallucinations (visual or auditory). Hallucinations usually re- two-week intervals during dosage titration to ensure that the lowest dos- 
tic Parkinson's disease. As adjunctive treatment to levodopa (alone or ^ solve with dosage reduction; occasionally, discontinuation of bromo- age producing an optimal therapeutic response is not exceeded. If 
with a ft sien deca inhibitor), bromocriptine may provide Criptine is required. Rarely, after high doses, hallucinations have per- necessary, the dosage may be increased every 14 to 28 days by 2 1/2 mg 
additional therapeutic benefits in those patients who are currently main- sisted for several weeks following discontinuation of bromocriptine. E day with meals. Should it be advisable to reduce the dosage of 
tained on optimal dosages of levodopa, those who are beginning to de- As with levodopa, caution should be exercised when administering evodopa because of adverse reactions. the daily dosage of bromocrip- 
teriorate (develop tolerance) to levodopa therapy, and those wo are ex- bromocriptine to patients wth a history of myocardial infarction who tine, if Increased, should be accomplished gradually in small (2 1/2 mg) 
periencing "end of dose failure" on SD Bromocriptine have a residual atrial, nodal or ventricular arrhythmia. increments. fs } 

may permit a reduction of the maintenance dose of levodopa and, thus, DRUG INTERACTIONS The safety of bromocriptine has not been demcnstrated in dosages ex- 
may ameliorate the occurrence and/or severity of adverse reactions as- Lack or decrease in efficacy may occur in patients receiving Parlodel* PRU Ue day. 

sociated with long-term levodopa therapy such as abnormal involuntary (bromocriptine mesylate) when they are treated concurrently with drugs HOW SUPPLI 

ride f ., dyskinesias) and the marked swings in motor func- ^ which have dopamine antagonist activity e.g. phenothiazines, Tablets. 2 1/2 mg L k 

L tion ("on enon). Continued efficacy of bromocriptine dur- butyrophenones. This may be a problem particularly for patients treated Round, white, scored tablets, each containing 2 1/2 mg bromocriptine 
ing treatment of more than two years has not been established. with Parlodel® (bromocriptine mesylate) for macroadenomas. (as the Men e packages of 30 (NDC 0078-0017-15). Embossed 
ADVERSE REACTIONS 
l 





ata are insufficient to evaluate potential benefit from treating newly PARLODEL 2 1/2" on one side and scored on reverse side. 
diagnosed Parkinsons disease with bromocriptine. Studies have Parkinson's Disease les, Smg 5 E 
[ shown, however, significantly more adverse reactions (notably nausea, In clinical trials in which Parlodel* (bromocriptine mesylate) was ad- Carame! and white capsules, each containing 5 mg bromocriptine ^ 
" hallucinations, confusion and hypotension) in bromocriptine treated pa- ministered with concomitant reduction in the dose of levodopa/car- the ro in packages of 30 (NDC:0078-0102-15) and 100 (NDC 
| tients than in levodopa/carbidopa treated patients. Patients unrespon- ^ — bidopa, the most common newly appearing adverse reactions were: 0078-0102-05). Imprinted “PARLODEL 5 mg” on one half and " & " 


Sive to levodopa are r candidates for bromocriptine therapy. nausea, abnormal involuntary movements, hallucinations, confusion, on other half. 
CONTRAINDICATIONS “on-off” phenomenon, dizziness, drowsiness, faintness/fainting, vomit- Store and Dispense ——— 
AMD any ergot alkaloids. ing, asthenia, abdominal discomfort. visual disturbance, ataxia, insom- Below 77°F; tight, light-resistant container. 
WAR nia, depression, hypotension, shortness of breath, constipation and ver- Before prescnbing or administering, see package circular for full prod- 
Symptomatic hypotension can occur in patients treated with Parlodel® 0. uctinformation. (PAR-214 ^ 10/1/85) 
(bromocriptine mesylate) for any indication. Care should be exercised common adverse reactions which may be encountered include: 
E when bromocriptine is administered concomitantly with other medica- ^ anorexia, anxiety, blepharospasm, dry mouth, dysphagia, edema of the 
| tions known to lower blood pressure. feet and ankles, erythromelaigia, epileptiform seizure, fatigue, headache, 
i term treatment (6- by, with Parlodel® (bromocriptine , mottling of skin, nasal stuffiness, nervousness, nightmares, 
) in doses ranging from 20-100 mg/day has been associated esia, skin rash, urinary frequency, urinary incontinence, urinary 





| with pulmonary infiltrates, pleural effusion and thickening of the pleura in retention, and rarely, signs and symptoms of ergotism such as tinali — pA e 
| jag A in which pee ad sore of fingers, cold tid Po x of feet and a A SANDOZPHARMACE UTICALS 
terminated, the changes slowly reverted towards normal. exacerbation of Raynaud's syndrome. Corporation, E. Hanover, NJ 07936 













C Hl | C AG O MIDAS REX INSTITUTE 

| HANDS-ON WORKSHOPS 
“Modern Dissection Techniques Of Bone, Bioplastics and Biometals" 
Neurosurgical Symposia (NEURO 700) 


JANUARY 8-9-10 MARCH 2-3-4 - 16-17-18 MAY 21-22-23 
FEBRUARY 12-13-14 APRIL 6-7-8 JUNE 4-5-6 - 15-16-17 





WORKSHOPS: The Workshops will emphasize a series of hands-on exercises, utilizing appropriate animal bones, skeletal bones, bioplastics and biometals for 
dissectior in the cranium and spine. Methylmethacrylate and biometals as they relate to neurosurgery will also be considered. 
The Midas Rex Hands-On Workshops will be held each day from 7:00 am to 1 :00 pm at the permanent instructional facility, 728 West Algonquin Road (Arlington 
Heights). "he-afternoons and evenings are free to enjoy some of the many activities that Chicago has to offer such as: 

MUSEUMS—Chicago Academy of Sciences, Chicago Historical Society, Museum of Contemporary Art, Art Institute of Chicago, Field Museum of Natural History. 
SIGHTSEBING—Shedd Aquarium, Adler Planetarium, Buckingham Fountain. 4 m h 
PERFORMING ARTS—Chicago Symohony Orchestra, Lyric Opera of Chicago, ballet, recitals, concerts and opera. r. 
SPECTATOR SPORTS -— White Sox in Comiskey Park, Cubs in Wrigley Field, Sting (soccer) in Chicago Stadium, Bears : 
at Soldier Field, Blackhawks in Chicago Stadium, and horse racing year round. 
ENROLLMENT: Send letter and check payable to "Chicago Symposium? Surgeon— 
US $96£.00; Resident—US $585.00 (with letter from Department Head); OR/Tech/Ass't.— 
US $250.00. Mail to: 

Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 76111. Phone (800) 433-7639, 
In Texas (817) 831-2604 





















Pho:o Credit: 
Chicago Gonvention and 
Tourism Bureau, Inc 
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NEUROLOGIST 


NEUROLOGIST 






Assistantrassociate professor in neurolo- 
gy, depending on experience and qualifica- 
tions. Candidates should be board certified 
or eligible, and interested in research, 
undergraduate and postgraduate teaching, 
and clinical service, Excellent research 
facilities are available with suppcrt by the 
institution. 


Fellowship in Parkinson's disease 
for July, 1987. One to two years 
clinical and research training with To join multispecialty group in 


emphasis on neuropharmacology beautiful Northeastern Kentucky. 
and neuropsychology. Prior re- Smaller university community with 


search experience desirable. pleasant outdoor activities and 
sports located 60 miles east ef 


Lexington. Service area, 100,000. 
Contact: 


John H. Growdon, M.D. 
Department of Neurology, Contact: 


Resumes should be sent to: 
James R. Couch, M.D. 
Chief, Division of Neurology, 


Department of Internal Medicine, ACC 730 Richard W. Carpenter, MD 
SU Schoo! of Medicine, Massachusetts General Hospital Morehead Clinic 
P.O. Box 3926, 


Boston MA 02114 234 Medical Circle 
(617/726-1728) Morehead, KY 40351 
606-734-6641 


Springfield, Illinois 62708 


SIU is an Equal Opportunity / Affirmative 
Action Employer. 
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EVOKED 
POTENTIALS 


APRIL 22-25, 1987 


The Seventh Annual Conference on EVOKED 
POTENTIALS is geared toward a broad spectrum 
of clinicians interested in this field. Lectures fol- 
lowed by demonstrations will review the anatomo- 
physiological basis as well as current develop- 
ments in interpretation and clinical application of 
various evoked responses. As in previous years we 
will have HANDS-ON Workshops for small groups 
of physicians performing Somatosensory, Visual 
and Auditory Evoked Potentials with direct illus- 
trations and procedural problem solving. 


A special symposium "New Techniques in the 
Assessment of Dynamic Brain Function” covering 
such topics as PET scanning, brain mapping, EEG 
analysis etc... will be an added feature at this 
meeting. 


We have been able to secure an out- 
standing Faculty of nationally and 
internationally known authorities in 
the field. 


Location: The conference will take place at the 
Wyndham Franklin Plaza Hotel in Philadelphia, 
Pennsylvania. Registration will be limited to 100 
persons. A block of rooms has been reserved for 
the persons attending the conference. Hotel 
accommodations to secure the special rate have to 
be made by February 1, 1987. 


For information write to: 
Mrs. F. DiBenedetto 
Executive Secretary 

American Society for Clinical 
Evoked Potentials, Inc. 
445 West 50th Street 
New York, NY 10019 
or call: 

(212) 765-5809 





The University of 
OKLAHOMA 


Department of Ophthalmology 
and the Dean A. McGee Eye Institute 
present the 


OPTIC NERVE COURSE 


March 26-27, 1987 


Guest Faculty: The following clinical 
problems will be 

J. Lawton Smith, M.D. addressed: 
Professor of 
Ophthalmology VISUAL LOSS 
University of Miami WP 
Bascom Palmer Eye OFTIC NEURITIS 
Institute OFTIC NERVE & 

MACULAR 

John A. McCrary, III, M.D. DISEASE 

ASSOCiate Professor THE SWOLLEN 


of Ophthalmology DISC 
Baylor College of Medicine |THE PALE DISC 


Cullen Eye Institute THE FUNNY 


Robert L. Tomsak, M.D. LOOKING HER! 
Assistant Professor of THE CUPPED DISC 
Ophthalmology THE WORK-UP FOR 
& Neurology 
Case Western Reserve 
University School 
of Medicine 


John A. Costin, M.D. TREATMENT & 
Adjunct Staff Member MANAGEMENT OF 


T OPTIC NERVE 
Cleveland Clinic DISEASE 


Foundation 





Course Fee: $150.00 
Course approved for 10 hours CME credit. 
For information contact: 
Course Co-Ordinator 


Bradley K. Farris, M.D. 
Assistant Professor 
Department of Ophthalmology 
Dean A. McGee Eye Institute 
608 Stanton L. Young 

405/ 271-6463 


Systemic a-Interferon in Multiple Sclerosis 


Long-term Patient Follow-up 


Hillel S. Eznitch, MD 


e Twelve patients with relapsing multi- 
ple scleresis who had participated in a 
clinical tre! of systemic (subcutaneous) 
natural a-terferon were interviewed and 
reexaminee 4.3 years after beginning 
interferon treatment and 2.3 years after 
completic»* of the study. There was a 
progressive reduction in exacerbation 
rate from 1.33 per year to 0.47 per year. 
Overall neurologic function and disability 
did not ckange significantly. Six patients 
stabilized or improved, and were able to 
carry on morma! daily activities. There 
were no long-term deleterious side 
effects. These results are similar to those 
describec tor patients treated with intra- 
thecal §-interferon. The mechanism of the 
prolongec beneficial effect is unknown, 
but is unlixely to represent antiviral activ- 
ity in the zentral nervous system, and 
more prob abty involves systemic immuno- 
reculator- *unctions. The systemic route 
of administration of interferon may be as 
effective as the intrathecal route in multi- 
ple sclercsis, and is potentially less haz- 
ardous. 

(Arch Neurol 1987;44:61-63) 


Twenty-four patients with clinically 
definite multiple sclerosis (MS) 
were treated with natural a-interfer- 
on (IFN) ima randomized double-blind 
placebo-centrolled crossover study 
conductec at the University of Cali- 
fornia, San Francisco, and the Scripps 
Clinic, La Jolla, Calif.’ A trend toward 
reduction of exacerbations during 


Acceptec for publication Sept 2, 1986. 

From the Department of Neurology, Universi- 
ty of Maryzand, Baltimore. 

Reprint »equests to Department of Neurology, 
University- Maryland, 22 S Greene St, Balti- 
more, MD 2:201 (Dr Pani:ch). 
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IFN treatment was observed, though 
the results did not reach statistical 
significance. Patients with strictly 
exacerbating-remitting disease (ie, 
those who had a history of frequent 
exacerbations with return to a rela- 
tively stable baseline) fared better 
than those with exacerbations super- 
imposed on chronic progression. The 
study was complicated by the cross- 
over design, a placebo effect, and the 
clinical side effects of IFN, which 
interfered with blinding. Neverthe- 
less, 15 of 24 patients appeared to 
benefit from IFN treatment in terms 
of reduced exacerbation rate and sta- 
bilization of overall clinical status. 

Jacobs et al? recently reported that 
patients treated for six months with 
intrathecal injections of human fibro- 
blast (8) IFN experienced a persistent 
decrease in exacerbation rate up to 4.4 
years after treatment. The basis for 
IFN-induced remissions in these 
patients is unknown, and the neces- 
sity for intrathecal administration of 
IFN is controversial. Therefore, 
approximately four years after IFN 
treatment, and two years after com- 
pletion of the California study, the 12 
patients originally treated in San 
Francisco were interviewed and re- 
examined to determine whether long- 
term benefits or complications had 
occurred after systemic a-IFN treat- 
ment. 


PATIENTS AND METHODS 


Criteria for selection of patients, demo- 
graphic characteristics, and pretrial clini- 
cal status have been described previously.’ 
The 12 patients included in this study were 
representative of the entire population of 
24 patients enrolled in the original clinical 
trial. There were five men and seven 
women, aged 25 to 40 years, with docu- 


mented MS of three to 15 years duration. 
Seven had a strictly exacerbating-remit- 
ting (ER) course, and five were classified 
as exacerbating-progressive (EP), with 
exacerbations and remissions superim- 
posed on a background of gradually 
increasing disability. Patients received 
5 x 10° IU of human leukoeyte (natural a) 
IFN or an equivalent volame of placebo 
(human serum albumin) by subcutaneous 
injection daily for six mon:hs, followed by 
a six-month washout period, six months of 
treatment with the alternate preparation, 
and a second six-month washout period. 
Entry into the study was staggered ever 
eight months, so that the time interval 
from entry to most recent follow-up was 48 
to 56 months (mean, 52 months or 4.3 
years) and the interval from completion of 
the study to follow-up was 24 to 32 months 
(mean, 28 months or 23 years). The 
patients designated as numbers 13 through 
24! were personally examined by the 
author in their homes, except for two who 
were interviewed by telephone and exam- 
ined by private neurologis:s who provided 
the results of their neurelogic examina- 
tions. Complete medical and neurologic 
histories were obtained, w:th emphasis on 
acute exacerbations of MS; these were doc- 
umented by contacting tae neurologists 
currently caring for these patients. Exac- 
erbations were defined as symptoms of 
neurologic dysfunction at least 24 hours in 
duration with complete or partial resolu- 
tion within three months, with or without 
adrenocorticotropic hormone or corticoste- 
roid treatment. Neurologic examinations 
were performed and quantitated as in the 
previous study using the Scripps Neurciog- 
ical Rating Scale (NRS)? Disability was 
also rated according to the Kurtzke Func- 
tional Systems and Disability Status Seale 
(DSS).^ Statistical analysis was performed 
by two-tailed t test for paired or unpaired 
data. 


RESULTS 


The 12 patients had 32 exacerba- 
tions during the two years prior tothe 
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Patient Exacerbations per Year + SD 


Pretrial, 2 y IFN Trial 


First Year Second Year Mean, 2.3 y 





Fig 1.—Mean exacerbation rates for 12 patients before, during, and 
after trial of natural a-interferon (IFN). During each year of trial, six 
patients received IFN and six received placebo. With correction for 
multiple comparisons, difference between pretreatment and follow-up 


rates is significant (P « .01). 


Follow-up, 


Classification of 12 Patients Before and After Clinical Interferon Trial 


Nc. of Patients 





Entry 


Status (O mo) 


study (mean rate, 1.33 per year), and 
22 exacerbations during the two-year 
clinical trial, 13 of which occurred 
during the first year (1.08 per year), 
and nine during the second year (0.75 
per year) In the follow-up period 
there were 13 exacerbations in 2.3 
years, resulting in a rate of 0.47 per 
year (Fig 1), which was significantly 
lower than the pretreatment rate 
(P < .01). The decline in attack rate 
was not related to age, sex, duration of 
illness, DSS or NRS scores, or the 
order in which IFN and placebo were 
given. 

Changes in neurologic classification 
during and after the study are sum- 
marized in the Table. Seven ER 
patients remained in that category 
during the two years of the study, 
experiencing one to five exacerbations 
each. In the follow-up period, one 
patient had two mild exacerbations, 
another had a single mild attack, and 
three had prolonged  remissions. 
These five patients continued to work 
and to lead normal lives with essen- 
tially no restrictions on their activity. 
Several remarked that they some- 
times "forgot they had MS." Two of 
the ER patients had severe attacks, 
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End of Study 
(24 mo) 


Follow-up 
(48-56 mo) 


Exacerbating-remitting 7 7 5 
Exacerbating-progressive 5 2 4 
Chronic progressive 0 3 3 


developed progressive deficits during 
follow-up, and were reclassified as 
EP. Of the five original EP patients, 
three developed chronic progression 
(CP) and two remained EP during the 
study. In follow-up, one of these EP 
patients continued to have frequent 
attacks with increasing residual defi- 
cits, while the other, who had deterio- 
rated during the study and had 
become wheelchair-bound, resumed 
walking and was classified as stable. 
The three patients who entered the 
CP phase during the trial continued to 
progress during the follow-up. 

In terms of neurologie function, 
DSS scores gradually increased from 
3.25 + L61 to 425 + 2.12, (mean + 
SD) and NRS seores declined from 
77.0 + 9.0 to 68.1 + 14.7 (Fig 2), both 
indicating a modest but not statisti- 
cally significant increase in overall 
disability (P > .1). 

The only preexisting clinical fea- 
tures that correlated with outcome 
at follow-up were duration of disease 
and DSS score at entry into the trial. 
Patients whose overall condition had 
deteriorated and who were continuing 
to worsen at the time of follow-up had 
a significantly longer pretrial dura- 


<— IFN Trial —><— Follow-up > 


24 
Months 





Fig 2.—Mean Disability Status Scale (DSS) and Neurclogical Rating 
Scale (NRS) scores for time points O, 12, 24, and 48 to 56 months. 
Differences between day O and other days are not statistically 
significant (P > .05). 


tion of MS symptoms than those who 
had enjoyed prolonged remissions or 
only minor disease activity (10.2 + 3.5 
years vs 4.8 + 2.3 years, P=.01). In 
addition, the mean pretrial DSS score 
of the progressive group was higher 
than that of the group in remission 
(42 + 1.5 vs 23 + 12, P< .02). 


COMMENT 


This study suggests that systemic 
natural a-IFN treatment of patients 
with relatively early and mild relaps- 
ing MS confers long-term benefit. In 
this respect, our findings are similar 
to those reported for 8-IFN treatment 
by Jacobs et al? Although there is a 
tendency for exacerbation rates in MS 
to decline with time, the rate of reduc- 
tion in both the study of Jacobs et al 
and ours was greater then would be 
expected on the basis o? published 
data.’ The reduction in exacerbation 
rate we observed was not the result of 
changes in clinical status from ER or 
EP to CP. If the three patients who 
entered the CP phase are excluded, 
analysis of the remaining data shows 
a decline from a prestudy rate of 1.44 
per year to 0.62 per year at follow-up, 
not significantly differen- from the 
decline for all 12 patients (1.33 to 0.47 
per year). In addition, overall clinical 
status (DSS and NRS scores) did not 
change significantly, whether or not 
the three CP patients were included. 

On retrospective analysis of clinical 
and laboratory features that might 
predict disease activity during the fol- 
low-up period, we were able to identi- 
fy only two: prestudy duration of ill- 
ness and DSS score. Other parameters 


Multipie Sclerosis —Panitch 


rr a =. "7 F T EF 7 "IW TT wv TP" PNA TF 


P — — 





including age, sex, HLA type, pretrial 
exacerbation rate, and NRS score had 
no predictive value. Similarly, labora- 
tory studies including cerebrospinal 
fluid IgG indexes and oligoclonal 
bands, helper/suppressor T-cell ratios 
in peripheral biood,* and visual, audi- 
tory, or sematosensory evoked re- 
sponses’ were not useful in predicting 
clinical status at the time of follow-up 
examination. 

Although the order in which IFN 
and placébo were administered 
seemed tc make a difference in clini- 
cal response during the trial,’ this 
effect was not apparent at follow-up. 
There were no significant differences 
in exacer»ztion rates, DSS scores, or 
NRS scores between those who 
received IFN first and those who 
received € second. Furthermore, the 
patients who did well during the post- 
study period were not necessarily 
those whe aad respended best to IFN 
during the trial. 

The mechanism for persistence of 
the IFN effect in this study is not 
clear. Cireulating IFN titers depend 
on dose amd route of administration 
and after subcutaneous injection of 
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5X105 IU of natural a-IFN, serum 
titers would be expected to drop to 
undetectable levels within 24 hours.' 
Side effects such as fever, headache, 
myalgias, fatigue, and leukopenia 
resolved within hours to days.' The 
antiviral effect of IFN both in vitro 
and in vivo, is short-lived,? and a 
direct antiviral effect can also be 
excluded on the basis of failure to 
detect IFN in the cerebrospinal fluid 
after subcutaneous administration. 
The antiproliferative effects of IFN 
may be prolonged (Roberta M. Kamin- 
Lewis, PhD, oral communication, July 
1, 1986), and some immunologic 
effects may persist beyond the dura- 
tion of treatment, as shown, for exam- 
ple, by the elevated serum IgG levels 
found in these patients up to six 
months after completion of IFN treat- 
ment. Other effects such as NK cell 
activation” and priming (IFN-induced 
augmentation of IFN production)" 
may be more variable in duration, and 
dependent on dose, frequency of injec- 
tion, and type of IFN given. Experi- 
mental allergic encephalomyelitis, a 
useful model of MS, can be inhibited 
in rats by a single systemic (intrave- 
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The Acquired Immunodeficiency Syndrome Dementia 
Complex as the Presenting or Sole Manifestation 
of Human Immunodeficiency Virus Infection 


Bradford A. Navia, MD, Richard W. Price, MD 


e Twenty-nine patients.at risk of devel- 
oping acquired immunodeficiency syn- 
drome (AIDS) presented with cognitive, 
motor, and behavioral dysfunctions char- 
acteristic of the AIDS dementia complex, 
either preceding or in the absence of 
major systemic opportunistic infections 
or neoplasms. Six of these patients were 
medically well. while the remainder suf- 
ferec only milder manifestations of the 
AIDS-related complex at the time of their 
neurdlogic presentation. Over half of 
these patients either survived for five to 
16 months or died without exhibiting sys- 
temic manifestations of AIDS. This experi- 
ence indicates that the AIDS dementia 
complex may be the earliest, and, at 
times. the only evidence cf human immu- 
nodeficiency infection, and that its devel- 
opment in this context may present a 
diagnostic challenge, particularly in indi- 
viduais in whem risk for infection by the 
AIDS virus is cryptic. 

(Arch Neurel 1987 ;44:65-69) 


[ 2fection by the recently diseovered 

retrovirus, previously called either 
lymphadenopsthy-associated virus 
(LA V)! or human T-cell lymphotropic 
virus III «ETLV-III? and more 
recently termed human immunodefi- 
ciency virus (HIV), results in a spec- 
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trum of clinieal manifestations rang- 
ing from asymptomatic seroconver- 
sion, to the relatively benign clinical 
symptoms of the acquired immunode- 
ficiency syndrome (AIDS)-related 
complex, to full-blown lethal AIDS.** 
It is now becoming increasingly 
apparent that AIDS is frequently 
complicated by central nervous sys- 
tem dysfunction, which includes not 
only well-established opportunistic 
infections, but an even more common 
disorder unique to AIDS and charac- 
terized by progressive dementia 
accompanied by motor and behavioral 
disturbances. This syndrome has 
been variously referred to as subacute 
encephalitis,’ subacute encephalopa- 
thy,’ and, recently, as its clinical char- 
acteristics have been more clearly 
defined, as the AIDS dementia com- 
plex. Although this disorder usually 
develops after other complications of 
AIDS have appeared, we encountered 
29 patients in whom it was the first 
major manifestation of HIV infec- 
tion. 


PATIENTS AND METHODS 


Review of the medical records of 112 
patients with the AIDS dementia complex, 
consecutively diagnosed over a three-year 
period at Memorial Sloan-Kettering Can- 
cer Center and New York Hospital-Cornell 
University Medical Center, New York, 
resulted in the identification of 29 patients 
who developed this syndrome before or in 
the absence of a diagnosis of full-blown 
AIDS. Their records were analyzed with 
respect to patient background, systemic 
manifestations of HIV infection anteced- 


ent and subsequent to the orset of demen- 
tia, and the clinical and tem»oral features 
of their neurologic illness. 


RESULTS 


Table 1 lists the major cemographic 
findings in these patients which par- 
allel those of the overall experience at 
our institutions. All bu: one were 
men, ranging in age from 26 to 75 
years; homosexuality was the major 
risk factor in 25 patients. Evidence for 
the role of HIV infection in this group 
of patients was confirmed by the 
eventual development of full-blown 
AIDS either clinical, or in 16 
patients, at autopsy. Of the remaining 
13 patients, T-cell rztios were 
inverted in the 11 patients tested, nine 
patients suffered symptorrs and signs 
of the AIDS-related complex, four had 
positive HIV serology, previral DNA 
was detected by Southern blot analy- 
sis in the brains of three,? and virus 
was directly isolated from the brain 
and spinal cord in one. In only one 
patient seen early in the AIDS epi- 
demic, was neither clinical nor labora- 
tory evidence of systemic HIV infec- 
tion available; this patieat was in- 
cluded on the basis of his underlying 
risk and the nature of his otherwise 
unexplained neurologic disease. 

Six patients (Table 2) developed 
dementia at a time when they were 
otherwise medically well. Two of these 
are still alive eight months and one 
year after the onset of neurologic dys- 
function, respectively; one now has 
oral candidiasis, while the other 
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Table 1.—Demographic Features and 
Background Risk in Patients Presenting 
With the Acquired Immunodeficiency 
Syndrome* Dementia Complex 


Patient, Patients, 
Background No. 


Sex 
Male 
Female 

Risk factors 
Homosexual 
Intravenous drug abuse 
Blood transfusion 
Haitian 
Unknown 





* Age range, 26 to 75 years; mean, 40.6 years. 


Table 3.— Presenting 
Neurologic Manifestations 












Neurologic Patients, 
Abnormalities No. 
Cognitive impairment 
Motor impairment 10 
Ataxia 9 
Leg weakness 4 
Personality change 11 
Organic psychosis 2 
Other 







Transient dysarthria 
Movement disorder 






remains medically well. Of the 
remaining four patients who died, 
three never developed clinical full- 
blown AIDS, including two who had 
severe dementia six and 11 months 
after onset. Autopsy in these two 
patients showed no evidence of oppor- 
tunistic infection in one and dissemi- 
nated candidiasis in the other. Human 
immunodeficiency virus nucleic acid 
was identified in brains of these two 
patients by Southern blot method 
(George M. Shaw, MD, Charles S. 
Cobbs, and Beatrice H. Hahn, MD, 
unpublished observation, 1986) and 
was isolated in culture in one. The 
fourth developed Pneumocystis carin- 
ii pneumonia two months after the 
onset of neurologic symptoms and was 
subsequently lost to follow-up. 

The other 23 patients suffered 
symptoms and signs of the AIDS- 
related complex, including lymphade- 
nopathy, malaise, and weight loss of 
varying severity, before or at the time 
of neurologic presentation. Eleven 
patients continued to deteriorate neu- 
rologically without developing clini- 
cally apparent full-blown AIDS; four 
are still alive having survived longer 
than one year, one was lost to follow- 
up, while six died between three and 
ten months after the onset of neuro- 
logic symptoms. Systemic autopsies 
performed in three of these patients 
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Table 2.— Systemic Disease in the 29 Patients 
With AIDS Dementia Complex Prior to AIDS* 


No. of Patients With 


HIV-Related HIV-Related Diagnosis, 
Clinical Prior to Onset of 
Diagnosis* Dementia 








No. of Patients With HIV-Related 
Diagnosis After Onset of 
Dementia 


LB, 
None 





* AIDS indicates acquired immunodeficiency syndrome; HIV, human immunodeficiency virus; and ARC, 
AIDS-related complex. 
tBased on systemic clinical disease. 


showed disseminated cytomegalovirus 
in two, but failed to show evidence of 
opportunistic infection in the third. In 
one other patient whose autopsy was 
restricted to the brain, HIV nucleic 
acid was found by the Southern meth- 
od. The remaining 12 patients devel- 
oped full-blown AIDS, with either 
opportunistic infections or Kaposi’s 
sarcoma two to eight months after 
their neurologic presentation. 

Total duration of dementia ranged 
from two months to one year, with a 
mean of 7.9 months. Among the 
patients who have died, the mean sur- 
vival time of those who never devel- 
oped clinieal full-blown AIDS was 
approximately nine months compared 
with six months in those developing 
AIDS. 

The neurologic disorder in this 
group of patients included a constella- 
tion of cognitive, motor, and behavior- 
al manifestations that conformed to 
the clinical features of the AIDS 
dementia complex recently described 
in detail in an autopsy-verified series 
of AIDS patients (Table 3).5 The early 
phase of their illness was character- 
ized by mental slowing with impaired 
memory and concentration. Twenty- 
four of the patients subsequently 
deteriorated to the point of severe 
dementia. The remaining five pa- 
tients, four of whom have not yet 
developed AIDS, exhibited a more 
indolent course with prolonged, rela- 
tively stable, and mild impairment. 
Behavioral disturbances were com- 
mon, and among the prominent early 
features in 11 patients, led to the 
initial psychiatric referral in three. 
Most frequent were apathy, loss of 
spontaneity, and social withdrawal, 
but agitated psychosis with paranoia 
and hallucinations was present ini- 
tially in two patients and eventually 
in five others. In one patient, behav- 
ioral disturbance remained the pre- 
dominant aspect of his illness. At the 
time of presentation, motor dysfunc- 
tion was prominent in ten patients, 
and included leg weakness in four, 
ataxia in nine, and adventitious move- 


ments in two. Eventually, all patients 
exhibited motor signs, most common- 
ly ataxia, leg weakness, and tremor, 
and a few developed multifocal myo- 
clonus. 

Computerized tomographie (CT) 
scans of the head in 25 of 26 patients 
studied showed a variable degree of 
cortical atrophy, usually accompanied 
by ventricular dilatation. Three 
patients were found to have diffuse or 
focal reduced density in the central 
white matter. Magnetic resonance 
imaging in four patients revealed cor- 
tical atrophy in all, as well as regions 
of increased signal in the white mat- 
ter in three, one of whom had no 
evidence of white matter disease on 
CT scan. Electroencephalograms were 
abnormal in all 11 patients, with 
either mild, generalized slowing or 
reduced frequency of posterior 
rhythms. Cerebrospinal fluid exami- 
nation was abnormal in 13 of 15 
patients studied, with elevated pro- 
tein levels in eaeh of these, ranging 
from 45 to 189 mg/dL (0.45 to 1.89 
g/L), and a predominantly mononu- 
clear pleocytosis in four patients. 
Blood OKT4/OKTS8 lymphocyte subset 
ratios were reversed at the time of 
neurologic evaluation in all 14 
patients tested, and ranged from 0.1 
to 0.8. However, one of these patients 
was reported to have had a normal 
value at the time his symptoms began. 
Human immunodeficiency virus sero- 
positivity was documented in all six 
patients tested. 

Neuropathologic evaluation at au- 
topsy was performec in 13 patients, 
including one who had previously 
been studied by cerebral biopsy. In 
brief, a variable degree of white mat- 
ter pallor was present in all. In nine 
patients, including the patient who 
underwent biopsy, major additional 
findings included parenchymal and 
perivascular collections of macro- 
phages and multinucleated cells, pre- 
dominantly involvirg the centrum 
semiovale and subcortical gray mat- 
ter, with relative preservation of the 
cortical gray matter.’ One patient also 
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had mu_tiple areas of necrosis in sub- 
cortical smructures, with prominent 
macropkage infiltrates and gliosis in 
the basal zanglia. Microgl:al nodules 
were raze with the exception of two 
patients, »oth of whom were also 
noted tc have cytomegalovirus intra- 
nuclear melusion bodies within the 
nedules. “acuolar myelopathy" of 
variable severity was present in seven 
patients, and a myelitis with promi- 
nent macrephage infiltrates and glio- 
sis was "eund in one patient. 


REPORT OF CASES 


CASE 1.— — 36-year-old woman began to 
exhibit personality changes ten months 
prior to admission, with social withdrawal 
and reclus#v= behavior. Skortly thereafter, 
she began tc suffer progressive weight loss 
related to worsening anorexia. Over the 
next severa months, she developed pro- 
gressive fcrgetfulness and inability to con- 
centrate, amd by two months prior to 
admission. sne was no longer able to man- 
age her affairs. Her gait became increas- 
ingly unsteady, and eventually she lost 
independant ambulation. Her medical his- 
tory was worthy for Hodgkin’s disease 
diagnosed 1* years earlier, anc successful- 
ly treated with chemetherapy and radio- 
therapy =.= were terminated ll years 
earlier, a£-e- which she remained free of 
disease. m»proximately 14 months before 
the onset of her neurologic symptoms, she 
had recei-e&a blood transfusion during an 
episode of excessive vaginal bleeding. 
There was ro history of intravenous drug 
abuse and sae denied sexaal contact with 
patients i» High risk groups for AIDS. She 
was systemieally well at the cnset of her 
neurologic ilness. Laboratory evaluation 
at another hospital one month before 
admission déselosed a cerebrospinal fluid 
protein leve of 84 mg/dL (0.84 g/L); a 
glucose lewe of 56 mg/dL (3.1 mmol/L); 
and white 5 Dod cells, 10/mm? (0.01 X 10°/ 
L), all mer»suelear. Cultures and cytology 
were negative. A CT scan of the head 
showed maldkcortical atrophy with ventric- 
ular enlarzenent and attenuation of the 
central waite matter. 

Her phwsical examination om admission 
to this hoz»i-al showed her to ke cachectic, 
but withewt lymphadenopathy or organo- 
megaly. @m neurologic examination, she 
was awake aad fully oriented but displayed 
glebal comm=ive impairment. Her affect 
was labile and her responses were general- 
ly slow. She was unable -o spell “world” 
backward. had difficulty with serial sev- 
ens, and bet. her short-term memory and 
calculations were poor. Hewever, her lan- 
guage wasmermal. Cranial nerve examina- 
tion showed impaired lateral smooth pur- 
suit eye movements in both directions. 
Motor exemmation shewed normal power, 
but parama was diffusely present and 
more promi-ent on the right side. She 
exhibited xil .teral sustension tremor asso- 
ciated wth clumsy rapid alternating 
movemen-s. which was worse cn the right 
side. Her më was broad-based and ataxic, 
with a <erelency toward retropulsion. 
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Results of sensory examination were nor- 
mal. Deep tendon reflexes were brisk 
throughout, with the exception of 
depressed ankle jerks, and the plantar 
responses were bilaterally extensor. In 
addition, grasp, suck, and snout reflexes 
were present. 

A CT scan of the head again showed 
cortical atrophy, ventricular dilatation, 
and attenuation of the white matter. Mag- 
netic resonance imaging also detected 
atrophy and a diffusely increased signal in 
the central white matter on both T1- and 
T2-weighted images. Lumbar puncture 
showed a cerebrospinal fluid protein level 
of 74 mg/dL (0.74 g/L); glucose of 49 mg/ 
dL (2.7 mmol/L); and no white blood cells. 
Routine bacterial and fungal cultures, 
cryptococcal antigen, and cytology were all 
negative. Systemic evaluation included an 
OKT4/T8 lymphocyte subset ratio of 0.8 
and positive HTLV-III serology by 
enzyme-linked immunosorbent assay 
(ELISA) and Western blot. A brain biopsy 
specimen taken on the tenth hospital day 
revealed an occasional microglial nodule 
and perivascular cuff of lymphocytes in the 
cortical gray matter, and marked rarefac- 
tion along with moderate perivascular 
infiltration by lymphocytes and multinu- 
cleated cells in the white matter. Human 
immunodeficiency virus was identified 
both by Southern blot analysis (George M. 
Shaw, MD, Charles S. Cobbs, and Beatrice 
H. Hahn, MD, unpublished observation, 
1986) and by direct virus isolation in our 
laboratory. ^? 

Postoperatively, the patient remained 
globally demented and bedridden, and her 
responses became reduced to a few 
phrases. She continued to deteriorate neu- 
rologically, becoming mute and quadriple- 
gic, and died within a month of admission. 
At autopsy, the brain exhibited diffuse 
cerebral atrophy; microscopically there 
was mild generalized pallor of the central 
white matter accompanied by moderate 
perivascular inflammation made up of 
lymphocytes, macrophages, and multinu- 
cleated cells that were concentrated in the 
white matter, basal ganglia, and, to a 
lesser degree, in the cortical gray matter. 
In the spinal cord, there was moderately 
severe vacuolar myelopathy. Human 
immunodeficiency virus was isolated from 
all brain regions sampled, including fron- 
tal and temporal lobes, cerebellum, and 
thoracic spinal cord. Bacterial, fungal, and 
viral cultures were all negative, and there 
was no histopathologic evidence of oppor- 
tunistic infection in the systemic organs. 

CASE 2.—A 34-year-old homosexual man 
developed daily diffuse headaches six 
months prior to admission. Results of a CT 
scan and lumbar puncture done one month 
later were normal. He was otherwise med- 
ically well, and a diagnosis of depression 
was made, for which he received a course of 
antidepressants with little or no effect. 
Over the ensuing six months, he developed 
progressive leg weakness and urinary hesi- 
tancy with retention. At the time of admis- 
sion, he remained free of constitutional 
symptoms, but oral candidiasis was noted. 
On neurologic examination, he was awake 


and fully oriented but appeared slow and 
inattentive, with difficulty performing 
serial sevens, short-term memory tasks, 
and calculations. Speech and language 
were normal. Motor examination demon- 
strated mildly increased tone in the arms 
and marked spastic paraparesis. Sensation 
was normal. Deep tendon reflexes were 
diffusely hyperactive with bilateral exten- 
sor plantar responses. A CT scan of the 
head revealed mild cortical atrophy with 
ventricular dilatation, and an electroen- 
cephalogram showed diffuse slowing. Lum- 
bar puncture revealed a cerebrospinal fluid 
protein level of 57 mg/dL (0.57 g/L); a 
glucose level of 56 mg/dL (3.1 mmol/L); 
and white blood cells 8/mm? (0.008 x 10°/ 
L); eryptocoecal antigen and cytology cul- 
tures were negative. The blood OKT4/ 
OKT8 lymphocyte subset ratio was 0.2. 
Visual evoked responses were normal, but 
median somatosensory-evoked responses 
showed prolonged conduction time through 
the spinal cord. A myelogram (Pantopa- 
que) was normal. Formal neuropsychologic 
testing confirmed global cognitive impair- 
ment. The patient subsequently became 
severely demented, confused, and hyper- 
somnolent, and developed progressive 
spastic quadriparesis. He died following 
the abrupt development of bacterial sepsis 
one month after admission. Systemic 
autopsy revealed disseminated candidiasis. 
Neuropathologic findings in the brain 
included diffuse parenchymal and perivas- 
cular collections of macrophages and mul- 
tinucleated cells in the white matter, and 
subcortical regions with white matter pal- 
lor and focal vacuclation. The spinal cord 
showed diffuse infiltration with macro- 
phages. Human immunodeficiency virus 
nucleic acid was identified by Southern 
blot and in situ hybridization in the 
brain. 

CASE 3.—A 39-year-old homosexual man 
complained of intermittent confusion, 
increasing unsteadiness of gait, and dif- 
fuse headaches four months prior to 
admission. His medical history was note- 
worthy for oral candidiasis two years 
before admission, and recent onset of 
fatigue and mild weight loss, but no sys- 
temic infections. His general medical 
examination was unremarkable. On neuro- 
logic examination, he was awake and alert, 
but slow to respond. Language was normal. 
There was diffuse cognitive impairment, 
characterized by difficulty with serial sev- 
ens, calculations, and short-term memory. 
He could recall only three digits forward 
and backward and could not spell “world” 
backward. His affect was flat. Results of a 
cranial nerve examination were normal, 
with the exception that smooth pursuit 
movements were impaired by saccadic 
intrusions. Motor examination showed 
normal tone and power. There was a mild 
sustension tremor of the upper extremities 
and mild impairment of proprioception of 
the lower extremities. He had an ataxic 
gait. Deep stretch reflexes were diffusely 
hyperactive except for absent ankle jerks. 
Plantar responses were flexor, and promi- 
nent frontal release signs were present. A 
CT sean of the head showed mild cortical 
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Clinical presentation 
Dementia 
Neurodiagnostic studies 
changes 


Epidemiologic background 


Systemic conditions 
Full-blown AIDS 
ARC 
Systemically asymptomatic 
Immunology 


Serology 
Viral culture 


Neuropathology (biopsy or autopsy) 


Table 4.—Diagnosis of the AIDS Dementia Complex * 






Motor dysfunction (slowed movements, tremor, ataxia, paraparesis) 
Behavioral disturbance (social withdrawal, organic psychosis) 


Computed tomographic or magnetic resonance imaging scan: brain atrophy, white matter 


Risk group: male homosexual, intravenous drug abuser, transfusion or cryoprecipitate recipient, 
offspring or heterosexual partner of HIV-infected individuals. 


Reduced OKT4/OKT8 peripheral lymphocyte ratio; other indexes of impaired T-cell function 
Serum antibodies against HIV (ELISA, Western blot) 
Isolation of HIV from blood, cerebrospinal fluid, or brain 


White matter changes; multinucleated cell and macrophage infiltrates 





















* AIDS indicates acquired immunodeficiency syndrome; HIV, human immunodeficiency virus; ELISA, 


enzyme-linked immunosorbent assay. 


atrophy and moderate ventricular enlarge- 
ment. An electroencephalogram revealed 
mild diffuse slowing. Lumbar puncture 
showed a cerebrospinal fluid protein level 
of 46 mg/dL (0.46 g/L); a glucose level of 57 
mg/dL (3.2 mmol/L) without cells; and 
negative cultures and cytology. The blood 
OKT4/OKT8 lymphocyte ratio was 0.12. 
Over the ensuing three months, the patient 
became increasingly demented and con- 
fused with urinary incontinence, worsen- 
ing ataxia, and, subsequently, paraparesis. 
Six months after the onset of symptoms, 
he remained globally demented, nearly 
mute, exhibited aimless picking and grop- 
ing behavior, and was wheelchair-bound. 
At this time disseminated Mycobacterium 
avium-intracellulare infection was de- 
tected. He died two months later, but 
autopsy was refused. 


COMMENT 


The AIDS dementia complex repre- 
sents the most frequent neurologic 
complication of AIDS, and likely 
afflicts most AIDS patients at some 
point in their clinical course. 
Although in most patients dementia 
develops months after the diagnosis 
of AIDS, this study shows that 
dementia can be the first or only 
major complication of LAV/HTLV-III 
infection. The group of patients 
described here presented with neuro- 
logic impairment at a time when they 
were suffering only mild constitution- 
al symptoms related to the AIDS- 
related complex or were medically 
well, and represent nearly 25% of our 
overall experience with the AIDS 
dementia complex. In each of these 29 
patients, neurologic dysfunction was 
the predominant aspect of their ill- 
ness, and over half the patients died 
without fulfilling diagnostic criteria 
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for full-blown AIDS. With the excep- 
tion of one patient, HIV infection was 
documented by blood serology, immu- 
nologic profile, development of overt 
AIDS, or identification of viral nucle- 
ic acid or virus in brain. 

Despite the increasing frequency of 
the AIDS dementia complex, its diag- 
nosis often goes unrecognized. In 
patients with overt AIDS, symptoms 
and signs, particularly when mild or 
predominantly behavioral, are often 
attributed to reactive depression or 
overlooked because of concurrent sys- 
temic illness. In those patients with- 
out full-blown AIDS, particularly in 
those in whom the risk of exposure to 
HIV is cryptic, diagnosis may present 
an even greater problem, even when 
dementia is in an advanced stage. This 
was exemplified by patient 1 
described above, in whom the history 
of transfusion was only obtained after 
a diagnosis of AIDS dementia com- 
plex was made. 

Nonetheless, clinical and laboratory 
findings can lead to the suspicion of 
this disease and its eventual diagno- 
sis. The AIDS dementia complex man- 
ifests with a distinct constellation of 
cognitive, motor, and behavioral 
impairment, as exemplified by the 
experience described here and as 
described in a larger autopsy-based 
series. Careful clinical evaluation 
shows a characteristic history of diffi- 
culty with concentration and recent 
memory, mental slowing, and inabili- 
ty to perform work or complex activi- 
ties of daily living. Neurologic impair- 
ment in most of the patients pro- 
gresses steadily with development of 
ataxia and paraparesis, leaving them 
mute, bedridden, and incontinent of 


urine and stool within weeks to 
months of onset. Some patients suffer 
a more precipitous decline in neuro- 
logic function that occurs either in 
parallel with the subsequent develop- 
ment of systemic illness or without 
apparent explanation, likely reflect- 
ing the intrinsic tempo of their neuro- 
logic disease. In contrast, a more indo- 
lent course with relatively mild and 
stable impairment, lasting from sev- 
eral months to longer than one year, 
occurs in some patients, most of whom 
are free of serious systemic illness. 

The AIDS dementia complex is like- 
wise accompanied by distinct neuro- 
pathologic findings, and the patients 
in the present series were neuropatho- 
logically indistinguishable from this 
larger group of patients with overt 
AIDS.’ In brief, white matter and 
subcortical gray matter structures 
bear the brunt of the disease. Among 
the major abnormalities are white 
matter pallor, vacuolation, and focal 
rarefaction; variable perivascular and 
parenchymal infiltration by macro- 
phages, multinucleated cells, and lym- 
phocytes; and vacuolar myelopathy. 
Experience in one of our patients indi- 
cates pathologic diagnosis can be 
established by brain biopsy, particu- 
larly if multinucleated cells are 
present. The latter appears to be a 
pathologic hallmark of the more 
severe disease and of HIV brain infec- 
tion. 

The isolated occurrence of the AIDS 
dementia complex clearly has impor- 
tant implications for medical diagno- 
sis. Table 4 outlines some of the clini- 
cal and laboratory findings that con- 
tribute to the diagnotic process in 
patients who present with dementia 
without previous evidence of AIDS. 
The diagnosis of AIDS dementia is 
suggested by the characteristic clini- 
cal features,‘ and reinforced by a CT 
or magnetic resonance imaging scan 
showing cortical atrophy and, at 
times, changes in the white matter. A 
reduced lymphocyte OKT4/OKTS ra- 
tio can be of ancillary help, although 
it is possible that neurologic disease 
may precede demonstrable immune 
deficiency, as may have occurred in 
one of our patients and as recently 
described elsewhere.? Serum anti- 
HIV antibody titers may be of more 
direct help, although a small number 
of patients infected by this virus may 
be seronegative.^ In such patients, 
isolation of HIV frem blood, and per- 
haps cerebrospinal fluid, or even 
brain,^? may provide an additional 
means of diagnosis, as may neuro- 
pathologic analysis. 

An attractive explanation for the 
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devesopment of dementia before sys- 
temic AIDS in seme patients is that 
this synerome results from direct 
braia infection by HIV, and that brain 
invasion may occur early in the course 
of systemie virus infection. Support- 
ing = direct role for this retrovirus is 
not enly the unique occurrence of this 
clinically and pathologically distinct 
neurologe syndrome in AIDS pa- 
tients compared with other immuno- 
suppressed populations, but also the 
demonstration of viral nucleic acid by 
Southerm Plot and in situ hybridiza- 
tion? ard more recently, by direct 
isoletion of the virus from brain and 
cereorospimal fluid." Virions have 
also beer iGentified in multinucleated 
cells wikin brains of demented 
patients,? and we recently demon- 
strated v-ral antigens in brain (Tomas 
Purrarole-Sune, MD, B.A.N. Carlos 
Coreon-Gardo, MD, et al, unpublished 
observatibm, 1986). The experience 
deseribec bere adds additional sup- 
port for a direct retrovirus cause by 
demonstzating the relative frequency 
with which the dementia complex 
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develops before opportunistie infec- 
tion. This is well exemplified by 
patient 1, who suffered a course of 
steadily progressive central nervous 
system dysfunction with advanced 
forebrain pathology and accompany- 
ing vacuolar myelopathy without 
demonstrable central nervous system 
or systemic opportunistic infection or 
metabolic disturbance; not only was a 
histopathological diagnosis  estab- 
lished by both antemortem biopsy and 
postmortem assessment, but HIV was 
identified in brain and spinal cord. In 
this and one other patient, there was 
neither clinical nor autopsy evidence 
of opportunistic infection. It remains 
to be determined why there is individ- 
ual variability in the onset, time 
course, and severity of dementia in 
HIV-infected patients in relation to 
systemic complications. Either host or 
viral factors, including the degree of 
immunosuppression, or the genetic 
polymorphism of the virus^ may be 
contributory. 

This article thus highlights a previ- 
ously underappreciated dimension of 
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HIV infection. The AIDS dementia 
complex, with its triad of cognitive, 
motor, and behavioral dysfunction, 
not only can complicate full-blown 
AIDS, but can either present in isola- 
tion or appear in the context of the 
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experience may argue that the clinical 
development of the AIDS dementia 
complex should be incorporated into 
the diagnostic definition of AIDS." It 
is important that this eomplication of 
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and beyond current high-risk groups. 
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is range. 
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tial low 
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Relat-onship Between Lesion Extent in ‘Wernicke’s 
Area’ on Computed Tomographic Scan and Predicting 
Recovery of Comprehension in Wernicke’s Aphasia 


Margeret A. Naeser, PhD; Nancy Helm-Estabrooks, ScD; Gale Haas, MA; 
Sanford / we-bach, MD; Malukote Srinivasan, MD 


e This study investigated the relation- 
ship betwee« severity of auditory com- 
preheasic? n Wemicke’s aphasia and 
amoust c^ temporal lobe damage within 
Wernizke' s area (posterior two thirds of 
superor temsoral gyrus region! as well as 
the tetal temporaparietal lesion size. 
Therewas a aighly significant correlation 
between cor prehession and the amount 
of tempo-al lobe :esion in Wernicke's 
area. "here was no significant correlation 
between comprehension and the total 
tempc-oparietal lesion size. Patients with 
damage ir o«ly hal’ or less than half of 
Wernicke's area had good comprehen- 
sion st sx months after the onset of 
stroke. Pa-ierts with damage in more than 
hal! of Wernieke’s area had poor compre- 
hensicn erer one year after the onset of 
stroke Actiitona! arterior-inferior tempo- 
ral lobe lesion exteasion into the middle 
temporal cyres aree was associated with 
particularly peor recovery. 

(Arch Naural 1987 ;44:73-82) 
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ince the time of Wernicke,' a lesion 

in the left superior temporal gyrus 
region has been associated with 
impaired auditory language compre- 
hension. This brain/behavior rela- 
tionship has been confirmed in vivo 
with the use of radionuclide scans? 
and computed tomographic (CT) 
scans.*? Previously published studies 
that have focused on lesion localiza- 
tion and subtypes within Wernicke's 
aphasia have stressed relative preser- 
vation of, or recovery within, specific 
language modalities. Among those 
cited are the following: preserved 
reading," preserved writing," pre- 
served written naming over oral nam- 
ing,” and recovered spontaneous 
speech from excessive paraphasias.’ 
The purpose of the present study was 
to examine the relationship between 
the severity of the auditory language 
comprehension deficit in Wernicke's 
aphasia and the extent of damage in 
specific auditory pathway areas 
including the so-called Wernicke’s 
area on CT scan. Total temporopa- 
rietal lesion size was also examined. 

The term Wernicke’s aphasia is 
used in this study as defined by Good- 
glass and Kaplan'* and Benson." This 
includes patients with well-articu- 
lated, rapid, fluent, paraphasic verbal 
output that, despite the use of many 
words, does not convey the intended 
ideas. In addition, auditory language 
comprehension is poor, and there is 
impairment in sentence repetition, 
naming, reading, and writing. 


PATIENTS AND METHODS 
Patien-s Studied 


In this retrospective study, CT scans and 
language comprehension scores were 
examined for ten male Wernicke's aphasia 
patients classified after six months post 
onset (MPO) as mild (n = 5) or moderzte- 
severe (n 2 5). Each patient was right- 
handed and had suffered single-episode 
left hemisphere oeclusive-vascular stroke 
between the ages of 47 to "1 years 
(X,2584, SD, 6.9), with no significant 
group differences. The mean, in years, of 
education was 11.8 (SD 4.5) for the mild 
group and 15.8 (SD 3.03) for the moderate- 
severe group (t= —2.92, P < .02). Hence, 
although the patients in the moderste- 
severe group actually had undergone more 
years of education, their language compre- 
hension deficits remained more severe at 
one to three years after omset. Each case 
was clinically evaluated by neurologists 
and speech pathologists at either the Bos- 
ton or the Palo Alto (Calif) Veterans 
Administration medical centers. As is 
common with cases of Wernicke’s aphasia, 
the neurological examinaticn had revea.ed 
only right sensory loss and/or a right 
visual field defect ir. some cases, but tais 
was not consistently found in either the 
mild group or the moderate-severe group. 
Duration vs intensity of speech therepy 
was not controlled azross all subjects, and 
one severely ill patient had refused treat- 
ment (case 10) Th» CT scans used ^or 
lesion localization were performed be- 
tween 3 to 36 MPC. All CT scans were 
performed at 15° to 20° to the canthomea- 
tal line. 

The CT scan hemispheric asymmetries 
were measured and quantified.’ A poten- 
tial relationship between reversed occipi- 
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tal asymmetry and anomalous dominance 
has been suggested.? In the present study, 
two cases were observed to have reversed 
(increased right) occipital asymmetry, one 
in the mild group (case 5) and one in the 
moderate-severe group (case 8) (Table 1). 
This small number did not allow testing of 
the relationship beween occipital asymme- 
try and recovery of comprehension in Wer- 
nicke's aphasia. 


Language Testing 


The language comprehension test scores 
were examined from two time periods. 
Time 1 (T1) scores were obtained at 1 to 2 
MPO. Time 2 (T2) scores were obtained 
after 6 MPO. Patients could not be differ- 
entiated on a case-by-case basis using the 
early T1 test scores (Table 1). The T1 scores 
were used, however, as a baseline to exam- 
ine recovery. 

The second test (to determine T2 scores) 
was administered at 6 to 13 MPO for the 
mild group and at 12 to 38 MPO for the 
moderate-severe group (P « .05). (The T2 
scores for the moderate-severe group were 
taken as long after onset as possible to 
extend the potential recovery period.) 
Patients were differentiated on the basis 
of T2 scores as follows: (1) mild cases 
scored above the 50th percentile on the 
Boston Diagnostic Aphasia Examination 
(BDAE) auditory comprehension Z-score!* 
and above 70% on the Token Test?'; and (2) 
moderate-severe cases scored below the 
50th percentile on the BDAE auditory 
comprehension Z-score and below 70% on 
the Token Test (Table 1). Additional scores 
for each case, including paraphasia rating 
in spontaneous speech, repetition, naming, 
reading, and writing, also are included in 
Table 1. Statistical comparisons on lan- 
guage data between the two groups at T1 
and T2 are presented in Table 2. 


CT SCAN ANALYSIS 


The CT scans were analyzed with 
the following two methods: (1) a com- 
puter analysis that quantified percent 
left hemisphere tissue loss, and (2) a 
visual inspection analysis that quanti- 
fied extent of lesion in specific neuro- 
anatomical sites. 


ANALYSIS OF PERCENT LESION SIZE 


The percent lesion size at each lan- 
guage-related CT scan slice (B, B/W, 
W, SM, and SM+1) (Fig 1) was com- 
puted for each case using the Auto- 
mated Slice Information I pro- 
gram.” This program provides infor- 
mation on the lesion size at each CT 
scan slice in terms of percent left 
hemisphere tissue loss. This program 
does not localize, however, in terms of 
specific neuroanatomical sites where 
tissue loss has taken place. The per- 
cent lesion size at each CT scan slice 
and total temporoparietal lesion size 
in percent for the mild and moderate- 
severe groups are presented in Ta- 
ble 3. 
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Statistical Analysis of Lesion Size 
Between the Two Groups 


The percent lesion size at each sepa- 
rate CT scan slice and the total per- 
cent lesion size were compared 
between the two groups using t tests. 
The moderate-severe group had sig- 
nificantly larger lesion size than the 
mild group only on CT scan slices B 
and B/W (P «.05) (containing, in 
part, the temporal lobe). There was no 
significant difference between the two 
groups on CT scan slice W (contain- 
ing, in part, the most posterior, supe- 
rior portion of temporal lobe) or slices 
SM or SM+1 (containing, in part, the 
parietal lobe) (Fig 1). There was no 
significant difference between the two 
groups in total percent left temporo- 
parietal lesion size. Hence, results 
from the lesion size analysis indicate 
a significant difference in lesion size 
between the two groups only in the 
temporal lobe portion of the temporo- 
parietal lesion. Analysis of which neu- 
roanatomical structures within the 
temporal lobe had additional lesion 
present in moderate-severe cases is 
presented in the section "Analysis of 
Extent of Lesion in Specific Lesion 
Sites" later in this article. 


Correlations Between Percent Lesion 
Size and Language Scores 


Pearson's product-moment correla- 
tion coefficients were computed 
between percent lesion size and T2 
language comprehension and naming 
scores. Because multiple correlations 
were performed, only those cases with 
a significance level of P « .01 are dis- 
cussed. There was a significant corre- 
lation between the lesion size at slice 
B and Word Discrimination (r = —.79, 
P « .01) and Body Part Identification 
scores (7 = —.83, P « .01). Only four of 
the ten Wernicke's aphasia cases had 
this extra anterior-inferior temporal 
lobe lesion extension present on slice 
B, and all were moderate-severe cases 
(cases 6, 8, 9, and 10). There also was a 
significant correlation between lesion 
size at slice B/W and Body Part Iden- 
tification scores (r= —.79, P « 01). 
There were no other significant corre- 
lations between any of the T? lan- 
guage comprehension test scores and 
total percent lesion size or percent 
lesion size at any of the five separate 
CT scan slices. 

Significant correlations were ob- 
served, however, between T2 naming 
scores and total left temporoparietal 
lesion size (r = —.88, P « .001). Thus, 
results from the correlations between 
percent lesion size and language 
behavior indicate that naming perfor- 


Table 1.—Token Test, Bostoi 


Age at onset, y 

Education, y 

Time 1/Time 2 testing, MPO 
Token Test (100%) 


BDAE 
Auditory Comprehension Z-Score (+1) 


Word Discrimination (72) 

Body Part Identificatien (20) 
Commands (15) 

Complex Ideational Materia (12) 
Paraphasia Rating (7) 

Word Repetition (10) 
High-Probability Phrase Repetition (8) 
Low-Probability Phrase Repetition (8) 
Visual Confrontation Naming (105) 
Word Reading (30) 

Reading Sentences (10) 

Narrative Writing (4) 


CT scant 
Wernicke's area (anterior Falf) extent of 
lesion— slice B/W 


Wernicke's area (posterior half) extent of 
lesion— slice W 


Anterior temporal isthmus— slice B/W 


Temporal lobe at slice B (anterior / middle 
temporal gyrus region) 


Total X lesion size, 9o 
Occipital length asymmetry 


mance appears to be associated with 
total temporoparietal lesion size, 
whereas comprehension does not. 


ANALYSIS OF EXTENT OF LESION IN 
SPECIFIC LESION SITES 


Specific neuroanatomic sites fre- 
quently damaged in Wernicke's apha- 
sia cases were visually assessed by 
two of the authors (M.A.N. and S.A.) 
for extent of lesion irvolvement. A 
0- to 5-point scale was used where a 
value of 0 indicated no lesion, a value 
of 5 indicated total solid lesion, and a 
value of 3 indicated that half of the 
area had lesion. (See bottom of Table 1 
for complete description of the scale 
used to visually assess amount of 
damage in specifie neuroanatomical 
sites.) The lesion extent values for 
these sites were determined by two of 
the authors (M.A.N. and S.A.) without 
prior knowledge of the recovery cate- 
gories to which the cases belonged. 
The specific sites that were visually 
assessed for extent of lesion involve- 
ment using the 0-to 5-point scale 
included the following: Wernicke's 
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Diagnostic Aphasi« Exammation (BDAE) and Computed Tomographic (CT) Scan Data for Mild, Moderate, and Severe Wernicke’s Aphasia Cases* 


Mild Casest Moderate Casest Severe Casesft 
1 2 3 4 5 6 7 8 9 10 
«a 2 P adi 3 be à 4 das hele 5 
53 60 71 64 53 61 56 47 51 58 
12 12 12 11 12 18 11 16 12 12 
1/13 1/7 1/6 1/7 2/6 1/13 1/12 2/38 1/27 1.5/14 
. 76 31/7 84/88 50/76 87/71 68/62 48/67 36/42 52/50 44/35 
—04/+0.4 —0.8/ #02 —0.6/+0.8 —1.0/+0.6 0/+0.5 —1.0/ —0.3 —0.7 / —0.2 —1.5/—0.4 —1.3/—0.4 —1.5/—0.9 
51/64 44/€3 65/72 37/68 62/70 49/70 47/60 23/48 33/54 34.5/42 
14/17 16/ B.5 1C/ 19 8/18.5 16.5/18 6/14 6/12 5/8.5 3/8 4/10 
B/13 5/a 4/14 3/14 8/9 6/9 7/10 4/10 3/12 3/2 
3/7 0/2 6/9 3/8 5/9 0/3 5/4 0/8 6/5 2/2 
255.. Jt 3/4 2.5/5.5 We Mm | 1/3 r4 EA 1/1 1/2 
7/9 1/&€ B/9 6/10 9/10 4/7 4/7 8/7 0/3 0/2 
0/2 0/C 3/5 0/5 6/4 0/0 0/0 2/1 0/0 0/0 
D/O o/c 2/3 0/2 1/1 0/0 0/0 0/0 0/0 0/0 
69/104 .I88 95/105 55/105 102/105 65/97 44/66 65/90 0/36 45/70 
30/30 / 24/29 7/30 29/30 30/30 5/24 28/30 3/11 8/26 
9/9 fri 6/7 6/8 8/7 7/8 4/8 7/7 6/7 7/8 
1/1 J 1.5/2 0/3 M... uy... Olen NN... 0/1 1/1 
o 0 1 2 4 3.5 3.5 4 4.5 5 
4.5 2.5 4 2 3.5 4 3.5 5 5 
2 3.E D 1 2 4 3.5 3.5 5 5 
0 0 D 0 0 2 0 4.5 4.5 4.5 
9.9 11.2 8.7 7.9 3.1 9.5 10.3 10.2 19.7 13.5 
Left Left Left Left . Right Left Left Right Left Equal 


“Two cases (ios. 1 exc 4) were considered atypical Wernicke's aphasia in terms of speech output with lack of press of speech; numbers in pareatheses are highest 
possible score fer each tem; MPO indicates months past onset. 

Hop numbers column headings indicates case number; bottom number, the figure in which CT scan (if any) is shown. 

Extent of leston-ratine scale is as follows: O indicates no lesion; 1, equivocal or minimal lesion; 2, small, patchy, or partial lesion; 2.5, patchy, less taan half of area has 
lesion; 3, half-o* area h-s-esion; 3.5, patchy, greater than half of area has lesion; 4, greater than half of area has solid lesion, and 5, total ar»a has solid lesion 


invcivement. 


area, anterier temporal isthmus, tem- 
poral lobe a:.sliee E, auditory contra- 
lateral pathways, supramarginal gy- 
rus, and angular gyrus areas. The 
exact locations of these sites on CT 
scan are deseribedilater in this article. 
Lesions outside these areas also were 
considerec. Only four patients had 


Table 2.—Statistical Comparisons for Test Scores for 
Mild Wernicke’s Aphasia Group vs Moderate-Severe Wernicke's Aphasia Group 
at Time 1 and Time 2 Testing" 


Moderate-Severe 
Group 
(n = 5) 


Mild Group 
(n = 5) 





t Value P Value 


small lesions extending intc the sen- —— 1-2 MPO 1-2 MPO 
sory cortex area o7 white matter deep Token Test 63% 27.14 49.6% 11.87 1:00 NS 
to it. 1 BDAE Z-Score —0.54 038 | —-12 0.35 2:85 «.05 
Since tke time of Wernicke, there Word Discrimination 51.8 11.82 37.3 10.74 2:03 NS 
have beer multiosle interpretations Body Part 
regarding the exact location and lim- Identification 12.9 3.75 4.8 1.30 4:53 «.01 
its of the sc-eallee Wernicke’s area.” Complex Ideational 
For the purposes of this CT scan Material 3.4 2.30 2.6 2.79 043 NS 
research study, Wernicke’s area was Visual Confrontation 
defined as the pos-erior two thirds of Naming 85.25 20.85 43.8 26.55 254 «.05 
the ' : High-Probability 
$ left s p T temporal gyrus Phrase Repetition 1.8 2.68 0.4 0.89 1.19 NS 
region. The middle third of the superi- 
ral | oie Rh Time 2 6-13 MPO 12-38 MPO 
ər tempora! gyrusarea (anterior half, Token Test 77.6% 6.27 51.2% 13.37 4:00 <.01 
Wernicke’s area) vas represented on BDAE Z-Score +0.64 0.21 —0.44 0.27 7:09 <.001 
the CT scar slice at the level of the Word Discrimination 68.6 297 54.8 10.83 275 <.05 
maximum width o^ the third ventricle Body Part 
‘slice B/W, Fig 1). The posterior third Identification 18.4 0.96 10.5 2.50 6:62 <.001 
of the superior temporal gyrus area Complex Ideational 
(posterior half, W»rricke's area) was Material 9 1.87 4.4 2.30 34” <.02 
represented on theCT scan slice at the Visual Confrontation 
level of the pineal body (slice W Fig Naming 100 10.63 71.8 23.90 2-41 «.05 
: High-Probability 
Phrase Repetition +3.2 2.17 0.2 0.45 3:03 «.02 


* MPO indicates months post onset; NS, not significant; BDAE, Boston Diagnostic Apbasia Examination. 
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Fig 1.—Relationship of cortical language areas to ventricular system landmarks on lateral view 
(above) and cross-sectional view (below). ‘‘Wernicke’s area,” which was examined for extent of 
lesion in this study, is labeled area No. 22 on slice B/W at slice level of maximum width of third 
ventricle and slice W at slice level of pineal body. Anterior temporal isthmus area is marked with 
arrow at slice B/W. Numbers refer to Brodmann’s areas as follows: 45, pars triangularis 
(Broca's area); 44, pars opercularis (Broca's area); 22, posterior two thirds, superior temporal 
gyrus (Wernicke's area); 40, supramarginal gyrus; and 39, angular gyrus. 


1). (See areas marked “22” on slices 
B/W and W, Fig 1*5?) The primary 
auditory reception areas were includ- 
ed within “Wernicke’s area, No. 22" at 
slice B/W because it is impossible to 
determine exactly where areas Nos. 41 
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and 42 merge into the middle superior 
temporal gyrus/planum temporale 
area with current CT scan resolution. 
The medial border (depth) of Wer- 
nicke's area was arbitrarily set as a 
line that was drawn from the lower 
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portion of the sylvian fissure to the 
temporal horn on slice B/W and from 
the lower portion ef the sylvian fis- 
sure to the lateral-border of the atri- 
um on slice W. 

The anterior temporal isthmus area 
containing ascendirg ipsilateral audi- 
tory fibers from the medial geniculate 
to Heschl’s gyrus was defined as the 
anterior half of the temporal isthmus. 
The temporal isthmus extended from 
the inferior porticn of the sylvian 
fissure to the temporal horn.” (See 
arrow on slice B/W in Fig 1.) The 
temporal lobe at slice B area was 
considered that part of the temporal 
lobe present on slice B (primarily 
anterior superior temporal gyrus area 
and some middle temporal gyrus area) 
(Fig 1). The aud#ory contralateral 
pathways area containing, in part, 
auditory fibers from the right tempo- 
ral lobe that have crossed the corpus 
callosum was defined as that peri- 
ventricular area that was lateral to 
the most posterior portion of the body 
of the lateral ventricle (slices SM and 
SM+1) and lateral to the occipital 
horn and temporal horn (slices W and 
B/W).! 

The supramargnal gyrus area 
(area No. 40) was defined as that area 
lateral to the posterior half of the 
body of the lateral ventricle, surface 
and deep (slices SM and SM+1)*?52’ 
(Fig 1). This area also was examined 
separately as anterior portion, supra- 
marginal gyrus area (parietal opercu- 
lum) and posterior portion, supramar- 
ginal gyrus area. The angular gyrus 
area (area No. 39) was defined as that 
area immediately posterior to the 
supramarginal gyras area (slices SM 
and SM+1) surface and deep*?*? (Fig 
1). The medial border (depth) of the 
supramarginal and angular gyrus 
areas was arbitrarily set as half the 
distance to the lateral border of the 
body of the lateral ventricle (slices SM 
and SM+1). 

The extent of les.on values for each 
neuroanatomical area were summed 
across the CT scar slices where that 
area was represenzed as follows: (1) 
Wernicke's area (slices B/W plus W); 
(2) anterior temporal isthmus (B/W 
only); (3) auditory contralateral 
(B/W, W, and SM+1), etc. In addition, 
composite lesion extent totals were 
computed by combining extent of 
lesion values across several neuroana- 
tomical areas. This included the fol- 
lowing composite lesion extent totals: 
(1) sum of the three auditory areas 
(AA) mentioned above (AA, 1-3); (2) 
sum of the three auditory areas men- 
tioned above (AA, 1-3) plus temporal 
lobe at slice B; (3) eombined temporal 
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lobe lesionmonly (temporal lobe at slice 
B plus Wemnicke's area at slices B/W 
and W); aad (4) V'ernicke's area plus 
supramarginal gy-us area. 


Table 3.— Statistical Comparisons for Automated Slice Information Program 
Percent Left Hemisphere Tissue Loss (Lesion Size) on CT Scan 
for Mild Wernicke's Aphasia Group vs Moderate-Severe Wernicke's Aphasia Group * 


Percent Left Hemisphere Tissue Loss 
———————————————————.a 

Moderate- 
Severe Group 


Statistical Aralysie of Extent of Lesion 
Within Specific Lesion Sites Between 


the Tw» Groups Wd Group 


The visuzlly assessed extent of 
lesion valaes witain each neuroana- 
tomical amea and the combined areas 
for the two groups were compared 
using t tests (Table 4). Lesion extent 
values wi hm Wernicke’s area were 
significantly different between the 


Primary Temporal Lobe Lesion 
Slice B j 8.1 3.82 


Slice B/W : s 10.9 4.34 
Slice W i 14.2 4.95 


Primary Parietal Lobe Lesion 
Slice SM i 15.1 4.43 


two groups éP < .)1). Examination of 
the visual assessed lesion extent val- 
ues withir Wernicke’s area on a case- 
by-case basis showed that every Wer- 
nicke's apaasia case in the mild group 
had damage in only half or less than 
half of Wernickes area (sices B/W 
plus W). “hese mild cases nad lesion 
extent values in Wernicke’s area of 2.5 
(patchy bat less than half) to 4.5 (al- 
mest tota solid lesien) only on either 
slice B/W or slice W, but not both 
slices (Tabie 1, Figs 2 anc 3). Wer- 
nicke's apmasia cases in the moderate- 
severe greup hac damage in greater 
than half ef Wernicke’s a-ea (slices 
B/W plus W). These moderate-severe 
cases had lesion extent values in Wer- 
nicke’s area of 3.6 (patchy and greater 
than half te 5 (cemplete, solid lesion) 
on both sice B/V and slice W (Table 
1, Figs 4 and 5). 

There -lso were significant differ- 
ences (P <_01) ir amount of damage 
between the two zreups for the other 
separate -uditory areas anc combined 
auditory area tatai. The moderate- 
severe gmoup had greater extent of 
lesion va-uezs in each of these areas 
and combination areas than did the 
mild group. Werricke's area, however, 
was the only neuroanatomical area 
examinec where -here was no overlap 
in lesion 2xtent -alues between cases 
in the twe groups (Table 1). There was 
no signif2ant diference between the 
two groups, however, for combined 
lesion exent in Wernicke’s area plus 
the supramarginal gyrus area (Ta- 
bie 4). 


Correlations Between Exten: of Lesion 
Withir Specific Lesion Sites and 
Language Scores 


Pearsoa's procuct-moment correla- 
tion coefficients were computed 
between he extent of lesion values for 
the spedfie neuroanatomical areas 
(and combined areas) ard T2 test 
scores (Tale 5). 3ecause multiple cor- 
relations were performed, only those 
with a szrmficart level of P< .01 are 
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Slice SM + 1 
X, all slices 





* CT indicates computed tomography; NS, not significant. 


Table 4.— Statistical Comparisons for Extent of Lesicn Within 
Specific CT Scan Lesion Sites for Mild Wernicke's Aphasia Group vs 
Moderate-Severe Wernicke's Aphasia Group “* 


Extent of Lesion in CT Scan Lesion 


Sites 


o m I I a c — 


Mild Group 

(n = 5) 

CT Scan 
Lesion Site 


Moderate- 
Severe 
Group 
(n = 5) 


t Value P Value 


Wernicke's area (slice 

B/W plus slice W) 4.39 <.01 
Anterior temporal 

isthmus (slice B/W) 3.70 <.01 


Sum of auditory areas 
(Wernicke's, temporal 
isthmus, auditory 
contralateral) 


Sum of auditory areas 
plus temporal lobe 


lesion at slice B 


Combined temporal lobe 
lesion only (temporal 
lobe at slice B plus 
Wernicke's area at 
slices B/W and W) 

Wernicke's area plus 
supramarginal gyrus 
area 


pma e 
X SD X SD 
4.9 0.97 8.3 1.21 
1.7 tl 4.2 0.68 





* CT indicates computed tomography; NS, not significant. 


discussed. Highly significant correla- 
tions were observed between extent of 
lesion values within Wernicke's area 
and the BDAE auditory comprehen- 
sion Z-score (r= —.91, P < .001), the 
Token Test (r= —.90, P<.001), 
Body Part Identification (r= —.88, 
P «.001), and Word Discrimination 
(r 2 —.80, P « .01) (Fig 6). Significant 
correlations also existed between 
extent of lesion values in the anterior 
temporal isthmus and the BDAE 
auditory comprehension Z-score 
(r= —'79, P «.01), the Token Test 
(r2 —81, P<.01), and Body Part 
Identification (r2 —77, P<.01). 


There were no significant correlations 
between extent of lesion values in the 
auditory contralateral pathways area 
and test scores. The significant corre- 
lations between extent of lesion values 
in the combined auditory areas and 
language comprehension scores were 
similar to those significant correla- 
tions found between extent of lesion 
values in Wern:cke's area and lan- 
guage comprehension scores (Table 5). 
Language comprehension scores did 
not correlate significantly with the 
extent of lesion values within Wer- 
nicke's area plus the supramarginal 
gyrus area combined (Table 5). 
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Fig 2.—Computed tomographic scan performed 24 months after onset in this mild case (No. 2) 
showed large lesion (extent value, 4.5) in posterior half of Wernicke's area only (slice W). There 
was additional superior lesion extension into both anterior and posterior supramarginal gyrus 
areas, surface and deep. Patchy lesion was present in auditory contralateral pathways area 


(slices W, SM, and SM + 1). 


Fig 3.— Computed tomographic scan performed 36 months after onset in this mild case (No. 5) 
showed large lesion (extent value, 4) only in anterior half of Wernicke's area (slice B/W), and 
small lesion (extent value, 2) in posterior half (slice W). Large lesion (extent value, 5) was also 
present in posterior supramarginal gyrus area, surface and deep (slices SM and SM - 1). There 
was equivocal lesion (extent value, 1) in angular gyrus (slice SM + 1). 





The highest correlation (r = —.96, 
P « .001) occurred between the Token 
Test and combined lesion extent val- 
ues within the temporal lobe only 
(temporal lobe lesion at slice B plus 
Wernicke's area lesion at slices B/W 
and W). As was mentioned above in 
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the percent lesion size analysis, none 
of the mild cases had temporal lobe 
lesion at slice B, but four of five of the 
moderate-severe cases had additional 
anterior-inferior temporal lobe lesion 
extension at this slice. 

There was no significant correla- 


tion between extent of lesion values 
within the angular gyrus area alone, 
and Visual Confrontation Naming. 
The total percen: temporoparietal 
lesion size, however, did correlate sig- 
nificantly with naming, as mentioned 
earlier in this article. 

Additional Pearson's product-mo- 
ment correlation coefficients were 
determined with  High-Probability 
Phrase Repetition data at T2. There 
was no significant correlation be- 
tween High-ProbaLility Phrase Repe- 
tition and lesion extent values within 
Wernicke's area alcne or total percent 
lesion size. There was, however, a sig- 
nificant correlation between High- 
Probability Phrase Repetition and 
lesion extent values within the follow- 
ing: (1) the anterior portion of the 
supramarginal gyrus area (r = —.78, 
P « .01) and (2) Wernicke’s area plus 
the anterior portion of the supramar- 
ginal gyrus area (r = —.93, P < .001). 
There was no correlation, however, 
between the BDAE auditory compre- 
hension Z-score, Token Test, or Visual 
Confrontation Naming and lesion 
extent within (1) the anterior portion 
of the supramarginal gyrus area or (2) 
Wernicke’s area [lus the anterior 
supramarginal gyrus area. 


Recovery 


To investigate the relative amount 
of change for the mild cases and the 
moderate-severe cases over time, the 
differences between the T1 and T2 
scores on available subtests were com- 
puted for each case in each group 
(Table 6). There were no significant 
differences in the amount of recovery 
between the T1 and T2 scores for the 
two groups on any of the language 
measures examined, including audito- 
ry comprehension, naming, repetition, 
and reading sentences. The cases in 
the mild group and the cases in the 
moderate-severe group improved by 
remarkably similar amounts between 
the T1 and T2 testing times on single- 
word-level tasks—ie, Word Discrimi- 
nation (approximately 17 points), 
Body Part Identifcation (approxi- 
mately 5 points) and Single-Word 
Repetition (approximately 2 points). 
The moderate-severe group actually 
improved more in Visual Confronta- 
tion Naming (27 points) than the mild 
group (19.5 points), although the dif- 
ference was not significant. The mild 
group started at a higher level, of 
course, and two czses reached the 
maximum score (105 points) with 
improvement of only 3 and 10 points, 
respectively. 

The moderate-severe group showed 
the least recovery on the sentence- 
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level language tasks—ie, BDAE Com- 
plex Ideationa! Material (seores of 1.8 
vs 5.6 for the mild group) and the 
Token Test ‘scores of 2.5 vs 15 for the 
mild group). Because of large varia- 
tions in seres, however, these differ- 
ences were not significant. Thus, it 
appears mest of he improvement for 
the cases in the moderate-severe 
group was at tke single-word level 
rather thar at tbe sentence level. 
The T2 data for the moderate- 
severe cases were obtained at dates 
longer post enset(12 to 38 MPO) than 
those for the milc cases (6 to 13 MPO). 
Complete data w=re not available for 
moderate-severe cases for the same 
time periec as for the mild cases (6 to 
13 MPO). Data were availakle, howev- 
er. at 3 t» 3 MP® for the moderate- 
severe cases. Interestingly, the BDAE 
auditory 2amprebension Z-score pro- 
file at 3 te € MPO for these moderate- 
severe cases were remarkably similar 
to what they were at 13 to 38 MPO, as 
follows: patient 3 scored —0.3 at 3 
MPO and —9.3 a 13 MPO; patient 7 
scored —@4 at 4 APO and —0.2 at 12 
MPO; patent 8 seored —0.5 at 5 MPO 
and —0.4 at 38 MO; patient 9 scored 
—(.4 at 9 MPO aad —0.4 at 27 MPO; 
patient 16 seored —0.7 at 7 MPO and 
—(.9 at 14 MPC. Thus, there was 
stability im the mederate-severe group 
between the BDAE Z-scores observed 
here at 3 to 9 MPO and a: 12 to 38 
MPO, with most of the recovery tak- 
ing place bezween:the T1 period (1 to 2 
MPO» anc the 3 to 9 MPO period. 


COMMENT 
Percent .esion Size 


Previous studies that hzve exam- 
ined the reExtionsaip between percent 
left hemisphere total lesion size and 
auditory language comprehension 
have examined -his correlation in 
patients with mutiple aphasia types 
(including Wernxke's apkasics) as 
one group." These studies have 
generally concluded that tctal lesion 
size (except when either very large or 
very smal!) cannct be used as a reli- 
able predictor for recovery ci compre- 
hension. 

Only Mazzocch and Vignolo? iso- 
lated the Wernicke’s aphasia group 
for separste analysis. Their findings 
suggested tiat there may be a rela- 
tionship between -otal lesion size and 
severity of Wernxke’s aphasia. It is 
difficult, hewever to compare the 
results of their stady with the results 
presented here beeause they examined 
five cases less than 2 MPC and five 
different cases greater than 2 MPO, 
whereas we followed the same ten 
cases at prczressive time intervals. 
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Fig 4.—Computed tomographic scan performed 24 months after onset in this moderate case 
(No. 7) showed large lesion in Wernicke's area at slices B/W (extent value, 3.5) and W (extent 
value, 4). There was large superior lesion extension into anterior and posterior supramarginal 
gyrus areas, surface and deep. Some lesion was also present in auditory contrelateral pathways 
area (slices B/W, W, SM, and SM + 1). There was some patchy lesicn in angular gyrus at slice 
SM + 1, with superior extension into parietal lobe at slices SM + 2 and SM — 3. 


Fig 5.—Computed tomographic scan performed seven months after onset in -his severe case 
(No. 10) showed large total lesion in Wernicke's area (extent value, 5) at both slices B/W and W. 
Large temporal lobe lesion was also present on slice B (extent value, 4.£), anteror and inferior to 
Wernicke's area. Large lesion (extent value, 5) was also present in anterior temporal isthmus at 
slice B/W (arrow). There was large superior lesion extension into anterior and posterior 
supramarginal gyrus areas, surface and deep (extent values, 4 to 5). There was large lesion 
(extent values, 3.5 to 5) in auditory contralateral pathways area (slices B/W, W. and SM). There 
was some lesion in angular gyrus at slices SM and SM + 1. 
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Table 5.—Correlations Between Extent of Lesion Within Specific CT Scan Lesion Sites and 
Total Lesion Size vs Language Comprehension Test Scores and Naming at Time 2* 










Complex Ideational Visual Confrontation 
Material, r Naming, r 


Token BDAE Word Body Part 
CT Scan Lesion Sites Test, r Z Score, r Discrimination, r Identification, r 


Wernicke's area . —.901 —.91t —.801 —.88t 
Anterior temporal isthmus —.811 —.79¢ —.671 — 77$ —.60, NS —27$ 
Auditory contralateral —.57, NS —.55, NS 
Sum of auditory areas —,53, NS —.821 —.B11 


Sum of auditory areas 
plus temporal lobe 
lesion at slice B —.50, NS — 87t —.91§ —.90t 


Combined temporal lobe 
lesion only (temporal 
lobe at slice B plus 
Wernicke's area at 
slices B/W and W) 


Wernicke's area plus 
supramarginal gyrus 
area 


Total lesion size from 
computer program 
(mean percent left 
hemisphere tissue loss 
across all slices) — B7, NS —.56, NS —.60, NS —.698 —.42, NS —.B81 












































































* CT indicates computed tomography; NS, not significant; BDAE, Boston Diagnostic Aphasia Examination. 
tP < .001. 

£P < .01. 

8P « .05. 


+1.00 The results from the present study 
with only Wernicke s aphasics suggest 
that total percent temporoparietal 
lesion size does nct appear to be a 
+0.50 significant factor ir recovery of com- 
prehension in Wernicke’s aphasia. 
Total percent temporoparietal lesion 
size, however, was observed to corre- 
late significantly with naming. This 
latter finding (naming) is in general 
agreement with Kertesz, who found 
that the highest dezree of correlation 
between total lesion size and severity 
—0.50 of aphasia existed for anomic aphasic 
patients. 


0.00 


Auditory Comprehension 
Z -Score 
BDAE 


Extent of Lesion in Specific Lesion Sites 


This is the first study, to our knowl- 

— 1.00 edge, to examine the relationship 
between extent of lesion within Wer- 

nicke's area (posterior two thirds of 

the superior temperal gyrus region) 


—1.50 and severity of the auditory language 
comprehension deficit in patients 

0.00 2.00 4.00 6.00 8.00 10.00 with Wernicke's aphasia. The results 

from this investigation showed that 

Extent of Lesion Within Wernicke's Area Wernicke’s aphascs whose lesion 

Slice B/W Plus Slice W included only half, er less than half, of 


eoa : 
Fig 6.—Relationship between extent of lesion in Wernicke's area and recovery of auditory Wernicke's ar ea had good auditory 
language comprehension in Boston Diagnostic Aphasia Examination (BDAE). Lesion extent comprehension at € to 13 MPO. Those 


values reported here represent the sum of two values for two slices where Wernicke's area is whose lesion incluced more than half 
represented (slice B/W, slice level at third ventricle, plus slice W, slice level at pineal body). of Wernicke's area had poor auditory 
Total lesion extent value of 6, when divided by 2, reflects a mean lesion extent value of 3, ie, comprehension, even at one to three 


lesion in half of Wernicke's area (see legend to Table 1). All mild cases (above dotted line) had years after onset. Four of five cases in 
total lesion extent values of 6 and mean lesion extent values of 3 or less (lesion in half or less the moderate-severe group had a 
than half of Wernicke's area). Total lesion extent value of 10 (summed across two slices), when lesion that included not only more 
divided by 2, reflects mean lesion extent value of 5 (total area has solid lesion involvement). All than half of Wernieke’ s area, but also 
moderate-severe cases (below dotted line) had total lesion extent values that ranged between had «ext terior-inferi : l 
greater than 6 to 10 and mean values between greater than 3 to 5 (lesion in more than half, to nalis à "n amor igre tempora 

completely solid lesion in Wernicke’s area). Correlation between extent of lesion in Wernicke’s lobe lesion extension into the middle 
area (posterior two thirds, superior temporal gyrus area) and comprehension scores after six temporal gyrus area at slice B. None 
months post onset was r = —.91 (P < .001). of the cases in the mild group had this 


80 Arch Neurol—Vol 44, Jan 1987 Wernicke’s Area—Naeser et al 


Table €. —Statistical Comparisons for Mean Change (Recovery) 
Between Time | and Time 2 Test Scores for Mild Wernicke's Aphasia Group vs 
Moderate-Severe Wernicke's Aphasia Group* 


Time 1/Time 2 Change 


MM t —————————————. 


Mild Group 
(n = 5) 


Single-Wcr--lsevel Tests 
Word Ciscrminatior 
Body Part 

Ident fic asien 
Visual Confrontation 
Naming 
Word Repeaition 
Word Reacrg 


Sentence4 eve! Tests. 
Token "est 


Comman4js- 


Complex idèstional 
Matesial 


High-Pretability 
Phrase Repetitior 
Low-Prabability 
Phrase Fepetitior 0.80 
Readinc Sentences 1.12 
BDAE Z- Score 0.46 





Moderate- 
Severe Group 
(n = 5) 
—MÁ—MÓ 


SD t Value P Vaiue 


5.34 
1.60 
7.08 


11.10 
3.35 


3.43 
0.40 


0.00 
1.50 


* NS indicases «wet significant; BDAE, Boston Diagnostic Aphasia Examination. 


extra anteme--inferior lesion exten- 
sion. 

These findizzs appear, in part, to be 
in agreement with the suggestions of 
Marie,^* Mamie ard Foix," and oth- 
ers” that the so-called Wernicke's 
area includes the middle temporal 
gyrus area as wel as the superior 
temporal cyrus area. Marie* suggest- 
ed further, however, that the supra- 
marginal anc angular gyrus areas 
also were part of Wernicke’s area. 
This was aot supperted by our find- 
ings which suggest that it is the 
temporal persion, net the parietal por- 
tion, of the tempor»parietal lesion in 
Wernicke’s aphasie that contributes 
most directly to the severity of the 
auditory language comprehension 
deficit. 

It was not the purpose of the 
present stady to demarcate the exact 
location and limits of the so-called 
Wernicke’s area. Tae results seem to 
indicate, however, that the severity of 
the auditory anguage comprehension 
deficit in Wernieke’s aphasia is 
direetly aad significantly associated 
with the extent of lesion within the 
posterior twe thires of the superior 
temporal gyrus region. Additional 
anterior-irferior temporal lobe lesion 
into the middie temporal gyrus area 
may also adversely affect auditory 
comprehension. Additional posterior- 
superior extension of the lesion into 
the supramazginal gyrus area of the 
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parietal lobe and the total temporo- 
parietal lesion size, however, appear 
not to affect the auditory comprehen- 
sion. 

The results showed that in terms of 
change between T1 and T2 scores 
there was no significant difference in 
amount of recovery between the mild 
and moderate-severe groups. The 
mean amount of improvement at the 
single-word level for comprehension 
repetition and naming was about the 
same for the mild group as for the 
moderate-severe group. The mean 
amount of improvement on the sen- 
tence level, however, was much less 
for the moderate-severe group than 
the mild group. For example, there 
was only a mean improvement of 1.8 
in BDAE Complex Ideational Materi- 
al scores for the moderate-severe 
group and 5.6 for the mild group. 
Thus, although the amount of change 
was not significant between the two 
groups, the mean improvement for 
sentence-level material was greater 
for the mild group. It appears that the 
greatest potential for improvement in 
moderate-severe cases of Wernicke's 
aphasia may be primarily at the sin- 
gle-word level. Studies of patients 
with split-brain syndrome indicate 
that the right hemisphere is capable 
of processing language at the single- 
word level." It may be that the 
recovery observed at the single-word 
level here, especially in severe Wer- 


nicke's aphasia, is mediated to some 
degree by the right hem sphere. 

The mechanisms underlying the 
auditory language comprehension 
deficit and recovery ir Wernicke’s 
aphasia are poorly understood. One 
possible explanation for the better 
comprehension skills of patients with 
less than half of Wernick2’s area dam- 
aged is that the remaiaing half of 
Wernicke's area may contribute 
directly to comprehension. Neuroana- 
tomical studies that have examined 
the cytoarchitectonics of the left tem- 
poroparietal region may Drovide some 
insight to this notion.“ These 
studies have shown that the Tpt cells 
in this area in the human brain are 
unique in number (usuzlly more on 
the left) and location (primarily supe- 
rior temporal plane and parietal oper- 
culum ).*44^ Tt may be thet when more 
than half of this Tpt cytoarchitectonic 
area is damaged, auditcry language 
comprehension is permanently com- 
promised, especially at zhe sentence 
level. Whether this rela-ionship will 
hold for other aphasia syndromes 
with superior temporal gyrus lesions 
plus frontal and/or deep subcortical 
lesions remains to be explored. 
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ABOUT 


Nownatter how many theories about the 
diagnosis amd treatment cf seizure 
disorders there may be, certain facts 

are indisputable: 

Epilepsy isa serious, complex 
conditian. The mature of the disorder 
requires mdividualized, carefully titrated 
anticonv_ssant treatment for each patient. 
Furthermore, successful control of the epileptic 
patiemt cepends on the maintenance of 
therapeut —anticonvulsan: activity, without which 
serious enc sometimes life-threatening 
breakthrauen seizures can occur. Epilepsy, often 
a lifelong di&order, can best be treated with 
anticonvuteznts that the prysician, pharmacist, 
and patiert:can trust. 

TEGRETOL is a difficult 


product to*ormulate. This is not 
unusual wt» anticonvulsants, e 
given prewious experience with 








gretol 4%: 


such products as phenytoin. Only rrarginally 
soluble, TEGRETOL forms a dihydrate when in 
contact with water. To prevent dihydrate from 
remaining in the tablet, manufecturirg and storage 
conditions must be ideal. Otherwise the drug 
might not disintegrate, thus impairing absorption 
and potentially hindering efficacy. 

Physicians, pharmacists, and patients prefer 
products they know and trust...and over the 
last two decades, TEGRETOL has earned that 
trust. Only TEGRETOL is backed by more than 20 
years of CIBA-GEIGY experience and over a 
million patient-years of therapeutic success. 


Available as 100-mg cherry/mint-flavored scored 
chewable tablets and 200-mg scored tablets for 


convenient dosing. 

TEGRETOL 's indicated for children 

6 years anc older end adults whose 
seizures are difficult to control and 
who are experienciag marked side 
effects from other antiepileptic drugs. 
NOTE: Because of the potential for 
serious adverse reactions, it is 


See following page tor complete Prescribing Information b > USP important you became thoroughly 
1 Stahl PR: The orebiems o«drug interacticns with Car ama zepine 3 familiar with the Prescribing Informa- 


excipients, in Eimer DD (e3): Towards Be:ter Safety 


tion for TEGRETOL en the following 


cf Drogs and Prarmmaceutical Products, NewYork, — ...Decause there's no substitute for experience pages, especially the boxed warning 


Elsewer/North —oliamd Biorsedical Press, 
1980) pp 265-28) 


CIBA-GEIGY 


concerning »5lood abnormalities and 
the necessity for repeated 


318-7980-A ©CIBA-GEIGY 1986 blood counts. 





Tegretol 


carbamazepine USP 





...Decause after seizure control, 


theres alot of living to do! 


Tegretol* 
carbamazepine USP 
Chewable Tablets of 100 mg—red-speckled, pink Tablets of 200 mg-— pink 






WARNING 
SERIOUS AND SOMETIMES FATAL ABNORMALITIES OF BLOOD CELLS 
(APLASTIC ANEMIA, AGRANULOCYTOSIS, THROMBOCYTOPENIA, AND 
LEUKOPENIA) HAVE BEEN REPORTED FOLLOWING TREATMENT WITH 
TEGRETOL, CARBAMAZEPINE. 

EARLY DETECTION OF HEMATOLOGIC CHANGE IS IMPORTANT SINCE, IN 
SOME PATIENTS, APLASTIC ANEMIA IS REVERSIBLE. 

COMPLETE PRETREATMENT BLOOD COUNTS, INCLUDING PLATELET 
AND POSSIBLY RETICULOCYTE AND SERUM IRON, SHOULD BE OB- 
TAINED. ANY SIGNIFICANT ABNORMALITIES SHOULD RULE OUT USE OF 
THE DRUG. THESE SAME TESTS SHOULD BE REPEATED AT FREQUENT 
INTERVALS, POSSIBLY WEEKLY, DURING THE FIRST THREE MONTHS OF 
THERAPY AND MONTHLY THEREAFTER FOR AT LEAST TWO TO THREE 
YEARS. THE DRUG SHOULD BE STOPPED IF ANY EVIDENCE OF BONE 
MARROW DEPRESSION DEVELOPS. 

PATIENTS SHOULD BE MADE AWARE OF THE EARLY TOXIC SIGNS AND 
SYMPTOMS OF A POTENTIAL HEMATOLOGIC PROBLEM, SUCH AS FEVER. 
SORE THROAT, ULCERS IN THE MOUTH, EASY BRUISING, PETECHIAL OR 
PURPURIC HEMORRHAGE, AND SHOULD BE ADVISED TO DISCONTINUE 
THE DRUG AND TO REPORT TO THE PHYSICIAN IMMEDIATELY IF ANY 
SUCH SIGNS OR SYMPTOMS APPEAR. 





















This drug is not a simple analgesic and should not be used for the relief of 
trivial aches or pains. Treatment of epilepsy should be restricted to those 
classifications listed under "INDICATIONS AND USAGE." 

Before prescribing Tegretol, the physician should be thoroughly familiar 
with the details of this prescribing information, particularly regarding use 
with other drugs, especially those which accentuate toxicity potential. 
DESCRIPTION 
Tegretol, carbamazepine USP, is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral 
administration. Its chemical name is 5H-dibenz[b.fJazepine-5-carboxamide. and its 


structural formula is: 


| 
CONH; 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
solubie in alcohol and in acetone. Its molecular weight is 236.27. 

Inactive Ingredients. Colloidal silicon dioxide, FD&C Red No. 3 (chewabie tablets only), 
FD&C Red No. 40 (200 mg tablet only), flavoring (chewable tablets only), gelatin, glycer- 
in, magnesium stearate, sodium starch glycolate (chewable tablets only), starch, stearic 
acid, and sucrose (chewable tablets only). 

CLINICAL PHARMACOLOGY 

In controlled clinical trials, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia. 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation. Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential 
and bulbar and polysynaptic reflexes, including the linguomandibular reflex in cats. 
Tegretol is chemically unrelated to other anticonvulsants or other drugs used to contro! 
the pain of trigeminal neuralgia. The mechanism of action remains unknown. 

Tegretol tablets are adequately absorbed after oral administration at a slower rate 
than a solution, thus avoiding undesirably high peak concentrations. Tegretol in blood is 
76% bound to plasma proteins. Plasma levels of Tegretol are variable and may range 
from 0.5-25 ug/ml, with no apparent relationship to the daily intake of the drug. Usual 
adult therapeutic levels are between 4 and 12 ug/ml. Following oral administration, 
serum levels peak at 4 to 5 hours. The CSF /serum ratio is 0.22, similar to the 22% 
unbound Tegretol in serum. Because Tegretol may induce its own metabolism, the 
half-life is also variable. Initial half-life values range from 25-65 hours, with 12-17 hours 
on repeated doses. Tegretol is metabolized in the liver. After oral administration of 
'4C-carbamazepine, 72% of the administered radioactivity was found in the urine and 
28% in the feces. This urinary radioactivity was composed largely of hydroxylated and 
conjugated metabolites, with only 3% of unchanged Tegretol. Transplacental passage of 
Tegretol is rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues, with 
higher levels found in liver and kidney than in brain and lungs. 

INDICATIONS AND USAGE 

Epilepsy: Tegretol is indicated for the following conditions in patients who have not 
responded satisfactorily to treatment with other agents such as phenytoin, phenobar- 
bitat, or primidone: 

1. Partial seizures with complex symptomatology (psychomotor, temporal lobe). Pa- 
tients with these seizures appear to show greater improvement than those with other 
types. 


2. Generalized tonic-clonic seizures (grand mal). 
3. Mixed seizure patterns which include the above, or other partial or generalized 
seizures. 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see 
PRECAUTIONS General). 

Because of the necessity for frequent laboratory evaluation for petentially serious side 
effects, Tegretol is not recommended as the drug of first choice in seizure disorders. It 
should be reserved for patients whose seizures are difficult to control or Datients experi- 
encing marked side effects (e.g., excessive sedation). 

Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated 
with true trigeminal neuraigia. 

Beneficial results have also been reported in glossopharyngeal meuraigia. 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bene marrow depres- 
sion, hypersensitivity to the drug, or known sensitivity to any of the tricyclic compounds, 
such as amitriptyline, desipramine, imipramine, protriptyline, nortriptyline, etc. Likewise, 
on theoretical grounds its use with monoamine oxidase inhibitors is not recommended. 
Before administration of Tegretol, MAO inhibitors should be discon'inued for a minimum 
of fourteen days, or longer if the clinical situation permits. 

WARNINGS 
The drug should be discontinued if evidence of significant bone marrow depression 
occurs, as follows: 


1) Erythrocytes less than 4,000,000/cu mm 
Hematocrit less than 32% 
Hemoglobin less than 11 gm/100 ml 
2) Leukocytes less than 4000/cu mm 
3) Platelets less than 100,000/cu mm 
4) Reticulocytes less than 0.3% (20,000/cu mm) 
5) Serum iron greater than 150 ug/100 ml 


Patients with a history of adverse hematologic reaction to any drug may be particu- 
larly at risk. 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell's syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegretc:. These reactions 
have been extremely rare. However, a few fatalities have been reported. 

Tegretol has shown mild anticholinergic activity; therefore, patients with increased 
intraocular pressure should be closely observed during therapy. 

Because of the relationship of the drug to other tricyclic compouads, the possibility of 
activation of a latent psychosis and, in elderly patients, of confusicn or agitation should 
be borne in mind. 

PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical 2xamination should 
be made. 

Tegretol should be used with caution in patients with a mixed sezure disorder that 
includes atypical absence seizures, since in these patients Tegretel has baen associ- 
ated with increased frequency of generalized convulsions (see INOICATIONS AND 
USAGE) 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients 
with a history of cardiac, hepatic or renal damage, adverse hematelogic reaction to 
other drugs, or interrupted courses of therapy with Tegretol. 

Information for Patients: Since dizziness and drowsiness may occur. patients should 
be cautioned about the hazards of operating machinery or automobiles or engaging in 
other potentially dangerous tasks. 

Laboratory Tests: Complete pretreatment blood counts, including plate ets and pos- 
sibly reticulocytes and serum iron, should be obtained. Any significant abnormalities 
should rule out use of the drug. These same tests should be repeeted at frequent 
intervals, possibly weekly, during the first three months of therapy and monthly there- 
after for at least two to three years. 

Baseline and periodic evaluations of liver function, particularly ie patients with a 
history of liver disease, must be performed during treatment with tais druc since liver 
damage may occur. The drug should be discontinued immediately in cases of aggra- 
vated liver dysfunction or active liver disease. 

Baseline and periodic eye examinations, including slit-lamp, furduscopy and tonom- 
etry, are recommended since many phenothiazines and related drugs have been shown 
to cause eye changes. 

Baseline and periodic complete urinalysis and BUN determinatons are recom- 
mended for patients treated with this agent because of observed renal dysfunction. 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has ircreased the 
efficacy and safety of anticonvulsants. This monitoring may be pa'ticularly useful in 
cases of dramatic increase in seizure frequency and for verification of compliance. In 
addition, measurement of drug serum levels may aid in determining the cause of toxicity 
when more than one medication is being used. 

Thyroid function tests have been reported to show decreased values with Tegretol ad- 
ministered alone. 

Drug Interactions: The simultaneous administration of phenoberbital, phenytoin, or 
primidone, or a combination of two, produces a marked lowering cf serum levels of 
Tegretol. 

The half-lives of phenytoin, warfarin, doxycycline, and theophylline were significantly 
shortened when administered concurrently with Tegretol. Haloperdo! serum levels may 
be reduced when the drug is administered with Tegretol. The doses of these drugs may 
therefore have to be increased when Tegretol is added to the therapeutic regime. 

Concomitant administration of Tegretol with erythromycin, cimesidine, propoxyphene, 
isoniazid or calcium channel blockers has been reported to resultin elevated plasma 
levels of carbamazepine resulting in toxicity in some cases. Also, concomitant adminis- 
tration of carbamazepine and lithium may increase the risk of neusotoxic side effects. 

Alterations of thyroid function have been reported in combinaticn therapy with other 
anticonvulsant medications. 

Breakthrough bleeding has been reported among patients rece-ving concomitant oral 

contraceptives and their reliability may be adversely affected. 
Carcinogenicity, Mutagenesis, Impairment of Fertility: Car»amazepine when 
administered to Sprague-Dawley rats for two years in the diet at doses of 25, 75, and 
250 mg/kg/day, resulted in a dose-related increase in the incidence of heoatoceilular 
tumors in females and of benign interstitial cell adenomas in the testes of males. 

Carbamazepine must, therefore, be considered to be carcinogenic in Sprague- 
Dawley rats. Bacterial and mammalian mutagenicity studies using carbamazepine 
produced negative results. The significance of these findings relate to the use of 
carbamazepine in humans is, at present, unknown. 

Pregnancy Category C: Tegretol has been shown to have adve-se effects in repro- 
duction studies in rats when given orally in dosages 10-25 times the maximum human 
daily dosage of 1200 mq. In rat teratology studies, 2 of 135 offspring showed kinked ribs 
at 250 mg/kg and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate, 
1; talipes, 1; anophthalmos, 2). In reproduction studies in rats, nursing offspring demon- 
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Tegretol® cerizmazepsne USP 


strated a laclkeo"weight gain and an unkempt appearance at a maternal dosage level of 
200 mg/kg. 

There are mo adequateandwell-controlled studies in pregnant women. Tegretol 
should be ussd'during pregnancy only if the potential benefit justifies the potential risk to 
the fetus 

It is importanto note that anticonvulsant drugs should not be discontinued in patients 
im whom the drug is admisistered to prevent major seizures because of the strong pos- 
sibility of preeipsating:stasus epilepticus with attendant hypoxia and threat to life. In 
individual cages where the severity and frequency of the seizure disorder are such that 
removal of madication does not pose a serious threat to the patient, discontinuation of 
the drug may-De considered prior to and curing pregnancy, although it cannot be said 
with any contdence that even minor seizures do not pose some hazard to the develop- 
ing embryo ar fetus. 

Labor and Delivery: Tre effect o' Tegretol on human labor and delivery is unknown. 
Nursing Mothers: Durirg lactation, concentration of Tegretol in milk is approximately 
69% of the matarnal plasma concentration. 

Because ot te» potential for serious adverse reactions in nursing infants from carba- 
mazepine, aciesisionsshculd be made whether to discontinue nursing or to discontinue 
the drug, takemc- nto account the importance of the drug to the mother. 
Pediatric Use "Safety and effectiveness in children below the age of 6 years have not 
been establisned. 

ADVERSE REACTIONS 

ltadverse reactions are œ such severity that the drug must be discontinued, the phy- 
sician must be »ware tha-abrupt discontinuation of any anticonvulsant drug in a 
responsive-esilaptic patient may lead to seizures or even status epilepticus with its 
lif-threateniag ^azards. 

The most severe adverse reactions have been observed in the hemopoietic system 
(see boxed WANING), the skin, and the cardiovascular system. 

The most tre«uently observed adverse reactions, particularly during the initial phases 
C! therapy, are @:zziness, drowsiness, unsteadiness, nausea, and vomiting. To mini- 
mize the possibility ofsuen reactions, therapy should be initiated at the low dosage 
recommended. 

The followmcadditione adverse reactions have been reported: 

HemopoieticS "stem: Apzastic anemia, agranulocytosis, thrombocytopenia, leukope- 
ma, leukocyt3S;s, eosinophilia. 

Skin: Pruriticarc erythematous rashes, urticaria, toxic epidermal necrolysis (Lyell's 
syndrome) (see WARNIMGS), Stevens-Johnson syndrome (see WARNINGS), photo- 
sensitivity reaczons, alterations in skin pigmentation, exfoliative dermatitis, erythema 
multiforme-axd'»odosum- purpura, aggravation of disseminated lupus erythematosus, 
atopecia, ane Gaphoresi«. In certain cases, discontinuation of therapy may be 
necessary. 

CardiovascuiaSystem: Songestive heart failure, edema, aggravation of hypertension, 
hypotension svncope ar collapse. aggravation of coronary artery disease, arrhyth- 
mias and AV black, pimay thrombophlebitis, recurrence of thrombophlebitis, and 
aðenopathy ar »mphadenopathy. 

Some of these cardiovæscu'ar complications have resulted in fatalities. Myocardial 
infarction has been assoeated with other tricyclic compounds. 

Liver: Abnorme=ties in liver function tests. cholestatic and hepatocellular jaundice, 
hepatitis. 

Respiratory System: Pulmonary hypersensitivity characterized by fever, dyspnea, 
pneumonitis or23neumor:a. 

Genitourinary System: Uinary frequency. acute urinary retention, oliguria with elevated 
blood pressure azotemie renal failure, and impotence. Albuminuria, glycosuria, ele- 
vated BUN amcnicroscomic deposits in the urine have also been reported. 

Testicular atraphy occurred in rats rece:ving Tegretol orally from 4 to 52 weeks at dos- 
age levels ofSCto 400 mg/kg/day. Additionally, rats receiving Tegretol in the diet for two 
years at dosag- levels of25, 75, and 250 mg/kg/day had a dose-related incidence of 
testicular atrap*y and aseermatogenesis. In dogs. it produced a brownish discoloration, 
presumably s rxetabolite-in tne urmary bladder at dosage levels of 50 mg/kg and 
higher. Relevare of thee» findings to humans is unknown. 

Nervous System: Dizziness, drowsiness, disturbances of coordination, confusion, 
headache. faticue, blurred vision, visual hallucinations, transient diplopia, oculomotor 
disturbances rvstagmus. speech disturbances, abnormal involuntary movements, 
peripheral neustis and peresthesias, depression with agitation, talkativeness, tinnitus, 
and hyperac:ss. 

There have teen repors of asscciated paralysis and other symptoms of cerebral arte- 
rial insufficiencz, but the «xac: relationship of these reactions to the drug has not been 
established. 

Digestive System: Nausea, vomiting, gastric distress and abdominal pain, diarrhea, 
constipation asorexia, amd dryness of the mouth and pharynx, including glossitis and 
stomatitis. 

Eyes: Scatteze«, punctate, cortical lens opacities, as well as conjunctivitis have been 
reported. Altsoegh a direct causal relationship has not been established, many pneno- 
thiazines ane ralated’drugs have been shown to cause eye changes. 

Musculoskeetal Systeme Aching joints and muscles, and leg cramps. 
Metabolism-=ever and cnills. Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reportec. 

DRUG ABUSE AND DEPENDENCE 

No evidencentabuse pc»ential has been associated with Tegretol, nor is there evidence 
of psycholoaical or physical dependence in humans. 

OVERDOSAGE 

Acute Toxisit- 

Lowest known sthal dose: adults, >60 g (39-year-old man). Highest known doses 
survived: adsit-, 30 g (37-year-old woman); children, 10 g (6-year-old boy); small chil- 
dren, 5 g (3-ver-old girl) 

Oral LDsg ^n animats (mg/kg): mice, 1100-3750; rats, 3850-4025; rabbits, 1500-2680; 
Guinea pigs, 922. 

Signs and Symptoms 

The first sigrs and symproms appear after 1-3 hours. Neuromuscular disturbances are 
the most pramiment. Carsiovascular disorders are generally milder, and severe cardiac 
complications eccur onlywhen very hign doses (>60 g) have been ingested. 
Respiration: regular breathing, respiratory depression. 

Cardiovascular System: Tachycardia, hypotension or hypertension, shock, conduction 
disorders. 

Nervous System and Muscles: Impairment of consciousness ranging in severity to 
deep coma. Zcvulsions. especiaily in small children. Motor restlessness, muscular 
twitching, tremer, athetom mevements, ocisthotonos, ataxia, drowsiness, dizziness, my- 
ariasis, nystagmus, adiasiochokinesia, ballism, psychomotor disturbances, dysmetria. 
initial hyperrefliexia, followed Dy hyporeflexia. 

Gastrointeszn&' Tract: Nausea, vomiting. 

Kidneys anc-Esadder: Asuria or o'iguria, urinary retention. 


Laboratory Findings: Isolated instances of overdosage have included leukocytosis, 
reduced leukocyte count, glycosuria and acetonuria. EEG may show dysmythmias. 
Combined Poisoning: When alcohol, tricyclic antidepressants, barbiturates or hydan- 
toins are taken at the same time, the signs and symptoms of acute poisoning with 
Tegretol may be aggravated or modified. 

Treatment 

The prognosis in cases of severe poisoning is critically dependent upon prompt elimina- 
tion of the drug, which may be achieved by inducing vomiting, irigating the stomach, 
and by taking appropriate steps to diminish absorption. If these measures cannot be 
implemented without risk on the spot, the patient should be transferred at once to a hos- 
pital, while ensuring that vital functions are safeguarded. There is no speaific antidote. 
Elimination of the Drug: Induction of vomiting. 

Gastric lavage. Even when more than 4 hours have elapsed following ingestion of the 
drug, the stomach should be repeatedly irrigated, especially if the patient nas also con- 
sumed alcohol. 

Measures to Reduce Absorption: Activated charcoal, laxatives. 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with renal failure. Replace- 
ment transfusion is indicated in severe poisoning in small children. 

Respiratory Depression: Keep the airways free; resort, if necessary, to endotracheal 
intubation, artificial respiration, and administration of oxygen. 

Hypotension, Shock: Keep the patients legs raised and administer a plasma expander. 
If blood pressure fails to rise despite measures taken to increase plasma volume, use of 
vasoactive substances should be considered. 

Convulsions: Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension, and coma. However, barbiturates shoulc not be used if drugs 
that inhibit monoamine oxidase have also been taken by the patient either in overdos- 
age or in recent therapy (within one week). 

Surveillance: Respiration, cardiac function (ECG monitoring), bxood pressure, body 
temperature, pupillary reflexes, and kidney and bladder function should be monitored 
for several days. 

Treatment of Blood Count Abnormalities: If evidence of bone marrow depression de- 
velops, the following recommendations are suggested: (1) stop ‘he drug, (2) perform 
daily CBC, platelet and reticulocyte counts, (3) do a bone marrow aspiration and tre- 
phine biopsy immediately and repeat with sufficient frequency to monitor recovery. 

Special periodic studies might be helpful as follows: (1) white cell and piatelet anti- 
bodies, (2) 99Fe— ferrokinetic studies, (3) peripheral blood cell yping, (4) cytogenetic 
studies on marrow and peripheral blood, (5) bone marrow culture studies *or colony- 
forming units, (6) hemoglobin electrophoresis for A; and F hemoglobin, and (7) serum 
folic acid and B,> levels. 

A fully developed aplastic anemia will require appropriate, intensive monitoring and 
therapy, for which specialized consultation should be sought. 

DOSAGE AND ADMINISTRATION 

Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS Laboratory Tests). Dosage should be adjusted to the neecs of the 
individual patient. A low initial daily dosage with a gradual increase is advised. As soon 
as adequate control is achieved, the dosage may be reduced very gradually to the mini- 
mum effective level. Tablets should be taken with meals. 

Epilepsy (see INDICATIONS AND USAGE). 

Adults and children over 12 years of age—Initial: 200 mg b.id. Increase at weekly 
intervals by adding up to 200 mg per day using a t.i.d. or q.i.d. regimen until the best 
response is obtained. Dosage should generally not exceed 1000 mg daily in children 12 
to 15 years of age, and 1200 mg daily in patients above 15 years of age. Doses up to 
1600 mg daily have been used in adults in rare instances. Maintenance: Adjust dosage 
to the minimum effective level, usually 800-1200 mg daily. 

Children 6-12 years of age—Initial: 100 mg b.i.d. Increase at weekly intervals by 
adding 100 mg per day using a t.i.d. or q.i.d. regimen until the bast response is obtained. 
Dosage should generally not exceed 1000 mg. Maintenance: adjust dosage to the 
minimum effective level, usually 400-800 mg daily. 

Combination Therapy: Tegretol may be used alone or with other anticonvulsants. 
When added to existing anticonvulsant therapy, the drug should be added gradually 
while the other anticonvulsants are maintained or gradually decreased, except pheny- 
toin, which may have to be increased (see PRECAUTIONS Drug Interactions). 
Trigeminal Neuralgia (see INDICATIONS AND USAGE). 

Initial: 100 mg b.i.d. on the first day for a total daily dose of 200mg. This daily dose may 
be increased by up to 200 mg a day using increments of 100 mc every 12 nours only as 
needed to achieve freedom from pain. Do not exceed 1200 mg daily. 

Maintenance: Control of pain can be maintained in most patients with 400 mg to 

800 mg daily. However, some patients may be maintained on as little as 200 mg daily, 
while others may require as much as 1200 mg daily. At least onze every a months 
throughout the treatment period, attempts should be made to reduce the dose to the 
minimum effective level or even to discontinue the drug. 

HOW SUPPLIED 

Chewable Tablets 100 mg— round, red-speckled, pink, single-scored (imprinted 
Tegretol on one side and 52 twice on the scored side) 


ft) ee ee T IQAUHIU T LUCI ILI NDC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(stripgof 10) on. sees ccc rrr adwe sede rh NDC 0028-0052-61 


Tablets 200 mg—capsule-shaped, pink, single-scored (imprinved Tegretol on one side 
and 27 twice on the scored side) 


Boites ol TOD ....... cau nehme tina IR eor M nto ord etn NDC 0028-0027 -01 

Bolles of 1000... ceo e qb xo tees ha BET ee. Ba NDC 0028-0027-10 
Gy-Pak * —One Unit 

12 bottles—100 tablets each. ......... 6. cece n n eee eens NDC 0028-0027-65 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) 0.2... see t cede ene chee de nnne NDC 0028-0027-61 


Protect from moisture. 


Dispense in tight container (USP). 
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Gerald Ford, President: 1974 - 197 
Eagle Scout, 192 


“The child is father of the man?” Wor 
worth said it over one-hundred fi 
years ago. The strengths ingrained 
youth flourish with a 
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For more than seventy years, 1 
Boy Scouts have perpetuated 1 

ideals of America: hon 
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Can Embolic Stroke Be Diagnosed on the Basis 
of Neurclogic Clinical Criteria? 


Manuel Ramirez-Lassepas, MD; Robert J. Cipolle, PharmD; Randall J. Bjork, MD; 
Jeffrey Kowitz, MD: Bruce D. Snyder, MD; Jan C. Weber, MD; Steven D. Stein, MD 


* Diagnosis of embolic stroke is based | 


on identification of a source of embolus 
(SOE) and on seurologic symptoms 
acknowledged as “‘clinical criteria." To 
test the validity of these criteria, we ana- 
lyzed the symptoms at onset in 193 
patients hesnitalized after acute cerebral 
infarction. Patientswere grouped accord- 
ing to identisicatior ofa cardiac SOE (106 
patients). ar arterial SOE (38 patients), or 
no SOE (49 patierts). Cross-tabulations 
demonstrated that on!y rapidity and loss 
of conscicusness at onset were associ- 
ated with the presence of a cardiac SOE 
to a significant degree. Although these 
symptoms were hichly specific for cardi- 
ac SOE, they were not sensitive. A dis- 
tinct clinical neuro»ogic profile from the 
symptoms amd mode of onset was not 
identified. 
(Arch Neurol 1987;44:87-89) 


The revival of treatment of cardio- 
embolie stroke with acute antico- 
agulation makes accuracy of its 
diagnosis of utmest importance. The 
diagnosis i: presently based on the 
identifieatcm of a possible cardiac 
source of embolas (SOE) and the 
oceurrence ef two or more of a group 
of neurolegic symptoms and signs, 
which have been accepted through the 
years as the “clinical diagnostic crite- 
ria" for embolic s&roke.*? Other labo- 
ratory?'"' and anatomopathologic’*”’ 
findings are also used as diagnostic 
criteria; kowever, when decision for 
early treatment kas to be made, the 
clinical cmseria are those that are 
available amd om which diagnosis 
rests. 

Studies om cereorzl embolism usu- 
ally define the clinical criteria before 
establishing the diagnosis, and after 
the criteria are identified, the diagno- 
sis is made. Bo our knowledge, valida- 
tion of these criteria independent of 
the presence of an SOE has never been 


Accepted fer publication Aug 4, 1986. 

From the Desartmert of Neurology, St Paul- 
Ramsey Medica! Cente: and University of Min- 
nesota Schooliof Medicise, St Paul (Drs Ramirez- 
Lassepas, Bjorc. Kowzz, Snyder, Weber, and 
Stein); and the Bepartment of Pharmacy Prac- 
tice, University of Minresota College of Pharma- 
cy, Minneapolis#Dr Cipolle). 

Read in part »efore the Third International 
Brain-Heart “conferences, Trier, West Germany, 
Sept 7, 1985. 

Reprint requests to Department of Neurology, 
St Paul-Ramser Medical Center, 640 Jackson St, 
St Paul, MN 501 (Dr Ramirez-Lassepas). 


Arch Neuro ol 44. Jan 1987 


attempted; therefore, to establish the 


validity of these criteria and to deter- 
mine whether embolic stroke has a 
distinct neurologic profile, the follow- 
ing investigation was undertaken. 


PATIENTS AND METHODS 


During an 18-month period, 193 of 242 
consecutive patients hospitalized with 
acute ischemic stroke syndrome and a 
diagnosis of cerebral infarction were 
studied. There were 100 men and 93 women 
aged 24 to 95 years (median, 71 years). 
Careful clinical history to ascertain symp- 
toms and circumstances at onset was 
obtained in all 193 patients. All underwent 
complete physical and neurologic examina- 
tions as well as cardiologic evaluation (by a 
cardiologist), including electrocardiogram 
and bimodal cardiac ECHO (Hewlett- 
Packard Cardiac Ultrasound Imaging Sys- 
tem Model 77020A). All patients were kept 
on a cardiac monitor for three to five days; 
electroencephalograms were obtained 
within 72 hours of admission. Laboratory 
investigations included blood cell counts 
and indexes; prothrombin time; partial 
thromboplastin time; platelet count; and 
determinations of levels of fibrinogen, 
serum electrolytes, serum enzymes, blood 
lipids, uric acid, creatinine, urea nitrogen, 
and glucose. All patients had head com- 
puted tomographic scans on admission; 98 
patients had repeated computed tomo- 
grams. All had bilateral carotid ultrasound 
scans (B-mode ECHO [ATL Multipurpose 
ECHO Imager Mark 600]) and bilateral 
carotid Doppler examination; 42 patients 
had cerebral angiography, and 67 under- 
went lumbar puncture. 

A cardiac SOE was considered to be 
present when electrocardiographic evi- 
dence of arrhythmia and/or myocardial 
infarction was obtained and/or bimodal 
echocardiography demonstrated intracar- 
diac thrombus or other potential embolog- 
enic abnormalities, such as akinetic left 
ventricular wall, aneurysm, prolapsing 
mitral valve, mitral stenosis, atrial or ven- 
tricular enlargement, valvular vegetations, 
and mitral anulus calcification. When a 
patient was found to have atherosclerotic 
changes at the bifurcation and/or in the 
common or internal carotid arteries that 
resulted in 30% or greater stenosis with 
ulceration and/or turbulence of flow (dem- 
onstrated by B-mode ECHO and Doppler 
examination or by angiography), he or she 
was considered to have an arterial SOE. 

The neurologic clinical criteria for diag- 
nosis of embolic stroke, taken from the 
literature,*’ are as follows. 


1. Sudden onset. 
2. Isolated focal deficit 
(eg, isolated aphasia, monoplegia). 


. Loss of consciousness at onset, 

. Seizure at onset. 

Headache at onset. 

Onset during activity. 

Peak of deficit at onset. 

Nausea and vomiting at onset. 

. Evidence for two separate 
(different vascular territories) 
focal deficits of approximately the 
same duration. 

10. Evidence for embolization 

to other organs (hematuria). 


OHO AID Or oo 


Patients were grouped according to 
whether a potential cardiac or arteri- 
al SOE was identified, and cross-tabu- 
lations were performed with the aid of 
a computer to compare the incidence 
of independent occurrence of each of 
the ten clinical criteria and combina- 
tions of them in each group. 


RESULTS 


Group A comprised 49 patients, 28 
men and 21 women, eged 24 to 89 
years (median, 51 years), in whom no 
SOE (arterial or cardiac) was identi- 
fied. Group B was composed of 38 
patients, 22 men and 1€ women, aged 
34 to 87 years (median, 66 years), in 
whom an arterial SOE was identified. 
In 84 patients, 40 men and 44 women, 
aged 43 to 93 years (median, 73 years), 
a cardiac SOE was identified; in 22 
patients, ten men and 12 women, aged 
46 to 95 years (median, 74 years), both 
a cardiac and an arterial SOE were 
identified. Because of the similar 
demographic characteristics and as- 
sociated clinieal conditions, these two 
groups were analyzed together as 
group C—106 patients with cardiac 
SOE. The identified cardiac SOE are 
shown in order of frequency in Ta- 
ble 1. 

No association was found between 
the incidence of isolated focal deficit, 
onset during activity, seizure, head- 
ache, nausea and vomiting, and/or 
peak of deficit at onset, and cardiac or 


arterial SOE (Table 2). There were no . 


patients with evidence of two neuro- 
logic deficits of simultaneous (or 
near-coincident) onset, and the only 
three patients with evidence of sys- 
temic embolization had a cardiac SOE 
(2.8%). An association between the 
occurrence of rapid onset (<5 
minutes), loss of consciousness (LOC) 
at onset, and cardiac SOE was found 
with different degrees of statistical 
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Table 1.— Cardiac Source of Embolus * 


No. of 
Patients 





Source 


Atrial fibrillation 
ASHD (old MI) 




















Multiple arrhythmias (AMI) 
Ventricular arrhythmias (AMI) 
Bradytachyarrhythmias 
Wandering pacemaker flutter 
Flutter (fibrillation) 

Multifocal PVCs 
Anteroseptal AMI (AMI) 
Prosthetic valve 

Mural thrombus or old MI 
Congenital heart disease 
Akinetic left ventricle 
Ventricular aneurysm 
Marasmic endocarditis 


451 
8t 
8t 
8 
et 
6 
4t 
41 
3t 
3 
3 
2 
2 
2 

1 
1 
Total 106 





*ASHD indicates atherosclerotic heart disease: 
MI, myocardial infarct; RHD, rheumatic heart dis- 
ease; AMI, acute myocardial infarct; and PVC, pre- 
mature ventricular contraction. 

t Several patients had mitral anulus calcification. 

tOne patient had prolapsing mitral valve. 


significance. The same was true for 
the simultaneous occurrence of these 
two symptoms and for unknown mode 
of onset (Table 3). Included in the data 
analysis were six patients in group A 


(12.2%), five in group B (13.1%), and 
nine in group C (8.575) who presented 
with lacunar stroke syndromes. Posi- 
tive history of hypertension was 
obtained in 118 (61%) of the 
patients—34 (69%) in group A, 24 
(6375) in group B, and 60 (56%) in 
group C. 

The majority of patients (88%) 
received intravenous heparin (92% of 
patients in group C and 75% of those 
in groups A and B). 


COMMENT 


The reported incidence of embolic 
stroke in the literature ranges from 
3% to 31%! when all strokes are 
considered (Table 4). If only ischemic 
stroke is considered, the incidence is 
higher? The differences in the 
reported incidence are due to the use 
of different diagnostic criteria. The 
earlier studies'^? based the diagnosis 
on pathologic findings, eg, hemor- 
rhagic infarction, arterial occlusion 
by clot not adhered to the endotheli- 
um and older than the cerebral infarc- 
tion, absence of arterial occlusion, 
systemic emboli, and, invariably, 
identification of a cardiac source.!™ 
The clinical picture, however, has long 
been recognized as much more diffi- 
cult to delineate. Fisher and Pearl- 
man” described a series of cases in 
which the onset of neurologic deficit 
was gradual or stepwise. Meyer et al* 
attempted to delineate the neurologic 
profile of embolic stroke using preset 
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Table 2.—Incidence of Occurrence of Clinical Criteria 
for Diagnosis of Embolic Stroke 


% of Patients With Criterion at Onset 
ec-erro———— Iaa 


Active 


Onset, % Seizure 








Nausea 
and Peak Isolated 
Headache Vomiting Deficit Deficit 














Table 3.—Association Between Rapid Onset, Loss of Consciousness (LOC) 
at Onset, and Unknown Mode of Onset With 
Presence or Absence of Source of Embolus 


Rapid Onset, 
No. (%) 


Unknown Mode of 
Onset, No. 


Both, 
No. (%) 


30 (62.5) 0 0 3 


A 
B 20 (55.5) 
C 81 (80.2)" 
Total 131 (70.8) 


1 (3.0) 


17 (10.2) 





* P « .03. 
tP € .001. 
£P < .001. 


16 (19.3) 





1 (3.0) 1 
11 (13.2) 23 
12 (7.2) 27 


Table 4.—Incidence of Embolic Cerebral Infarction 


Source, y 
Aring and Merritt, '* 1935 
Whisnant et al, '® 1971 
Kane and Aronson,” 1970 
Matsumoto et al, '® 1973 
Kannel et al, 1965 
Meyer et al,® 1971 


No. of Patients 





% Embolism 
407 : 
548 3.0 
4558" 


15.0 


540 





* Only ischemic strokes included; all strokes included in all other sources. 


criteria and confirmation and arteri- 
ography and cardiologic examination. 
Of 280 patients with various forms of 
cerebrovascular disease, they found 42 
(15% ) who met the diagnostic criteria 
for cerebral embolus. A cardiac SOE 
was present in 23 patients (55% ), and 
an arterial SOE was present in 19 
patients (45% ). All patients had sud- 
den onset of symptoms, 19 patients 
(45%) had altered level of conscious- 
ness, and 18 (48%) had seizures at 
onset. In 26 (62%) of the patients, 
embolic occlusion was “confirmed” by 
angiogram. Caplan et al? investigated 
the incidence of oecurrence of certain 
clinical criteria in patients diagnosed 
as having suffered cerebral embolism. 
They used the criteria from the Har- 
vard stroke registry? and found that 
maximal deficit at onset was seen in 
81% but systemic emboli in only 2.3% 
of patients; they emphasized the diffi- 
culties of making the clinical diagno- 
sis of cerebral embolism. 

How often cerebral embolism is 
diagnosed depends on how much 
weight is given to the presence of an 
SOE in the diagnostic criteria used, 


and how often an SOE is identified 
depends on how hard the physician 
looks for one.* The patients included 
in the present study were selected by 
virtue of having been carefully inves- 
tigated as to presenting neurologic 
symptoms, the mode of onset, and 
presence of a potential SOE. A cardiac 
SOE was identified in 106 patients 
(55% ); 22 (11.4% ) of them also had an 
arterial SOE. In 38 patients (19.7%), 
only an arterial SOE was identified; 
therefore, 74.6% of all these patients 
had a potential SOE. This most likely 
does not represent the incidence of 
embolic stroke but rather that in 
which a possible SOE can be found. 
However, since potential cardiac and 
arterial SOE cannot be ruled out with 
absolute certainty using only nonin- 
vasive techniques, despite improved 
equipment, the true incidence of SOE 
may be even higher. 

Other factors such as age influence 
whether cardiac SOE is identified?!; 
the older the patient, the greater the 
probability that a cardiac SOE will be 
identified. Older individuals with or 
without an identified SOE are also at 


Embolic Stroke—F amirez-Lassepas et al 


higher rsk for atherothrombotic 
stroke.” 

The presence of a cardiac SOE rep- 
resents a risk for ischemic stroke.” 
When a »atient with an identified 
SOE suffers a stroke, it is automati- 
cally assumed that one is responsible 
for the other; hewever, this is not 
necessarily the case. 

It is assumed that the mechanisms 
of embolic and -hrombotie arterial 
occlusion are different and, therefore, 
the entire pathophysiologic chain of 
events causing in'arction is also dif- 
ferent; this, however, may not be the 
case. The anatomy of the cerebral 
circulation is such that for arterial 
ocelusion causing focal ischemia to 
preduce infarctim there has to be 
failure of collateral circulation. This 
can occur simultaneously with arteri- 
al oeclusien, as can be the ease when 
terminal branches are involved and no 
immediate eollaterals are available, 
or it may əceur lacer as a consequence 
of hemodynamic alterations. Hemo- 
dynamic alteratiens may be induced 
by local changes, ineluding edema,*” 
arteriolar spasm, *" and/or propaga- 
tion of bleed clot™” and by systemic 
changes that decrease cerebral blood 
flow, such as hypetension and cardiac 
arrhythmias.** These changes can 
occur whether arterial occlusion is 
thrombotic-er embolic. 

Emboli- ecclusion is rapid and if 


l. Carter AT: The immediate treatment of 
cerebral embalism. Q J Med 1957;26:335-348. 

9. Furlam AJ, Cavalier SJ, Hobbs RE, et al: 
Hemorrhage and ant-oagulation from non-sep- 
tic embolic brain ir^aretion. Neurology 1982; 
32280-282. i 

3. Koller RL: Reeurrent embolic cerebral 
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32283-285. 
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randomized trial. Streke 1983;14:668-676. 
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Health 196&-5dal 355-1366. 
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ysis of 42 eases. Strowe 1971;2:541-554. 

7. Millikam CH, Bauer RB, Goldschmidt J, et 
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lar disease IL-Stroke 1975;6:564-616. 
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distal may not allow time for collater- 
als to become available; however, if 
occlusion is proximal, collateral may 
be sufficient to prevent symptomatic 
ischemia. On the other hand, throm- 
botie occlusion is gradual; however, 
critical stenosis at which blood flow is 
compromised enough to produce isch- 
emic symptoms can be reached only at 
one point, whether or not there is 
complete occlusion. At this point, 
ischemia will become symptomatic if 
there is no preestablished collateral 
circulation. Therefore, the mecha- 
nisms resulting in symptomatic isch- 
emia may not be all that different in 
embolic or thrombotic occlusion. To 
further confuse the clinical picture, 
there is the possibility of artery-to- 
artery embolization in cases of ath- 
erosclerotic stenosis.” 

We noted with interest that 23 
(85.2%) of 27 patients in whom the 
mode of onset could not be verified 
(unknown) had a cardiac SOE. Tabu- 
lating LOC at onset together with 
unknown onset, there is a significant 
association with cardiac SOE (group 
A, 6%; group B, 2.6%; and group C, 
36.8%; P «.0001). It is conceivable 
that the mode of onset was unknown 
in these patients because they lost 
consciousness while alone and the 
onset of their symptoms was unwit- 
nessed. If that were the case, a hemo- 
dynamic mechanism may be hypothe- 
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Systolic blood pressure, and the velocity and extent of myocardial contraction Propranolol 
may increase oxygen requirements b increasing left ventricular fiber length, end diastolic 
pressure and systolic ejection period. The net physiologic effect of beta-adrenergic blockade 
IS usually advantageous and is manifested during exercise by delayed onset of pair and 
increased work capacity. 

In dosages greater than required for beta blockade, INDERAL also exerts a quinidine-like 
or anesthetic-like membrane action which affects the cardiac action potential. The signifi- 
cance of the membrane action in the treatment of arrhythmias is uncertain. 

The mechanism of the antimigraine effect of propranolol has not been established. Beta- 
adrenergic receptors have been demonstrated in the pial vessels of the brain. 

Beta receptor blockade can be useful in conditions in which, because of patholocic or 
functional changes, sympathetic activity is detrimental to the patient. But there are also 
Situations in which sympathetic stimulation is vitai. For example, in patients with severely 
damaged hearts, adequate ventricular function is maintained by virtue of sympathetic drive 
which should be preserved. In the presence of AV block, greater than first degree, beta 
blockade may prevent the necessary facilitating effect of sympathetic activity on conduction. 
Beta blockade results in bronchial constriction by interfering with adrenergic bronchodilator 
activity which should be preserved in patients subject to bronchospasm. 

Propranolol is not significantly dialyzable. 

INDICATIONS AND USAGE. ltypertanaicns INDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 
hypertensive emergencies. 

Angina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated 
for the long-term management of patients with angina pectoris. 

Migraine: |NDERAL LA is indicated for the prophylaxis of common migraine headache. 
The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 

H ic Subaortic Stenosis: INDERAL LA is useful in the management of 

hypertrophic subaortic stenosis. Mentis. for treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvement may be temporary. 
CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first degree block; 3) bronchial asthma; 4) congestive heart 
ance T WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable with 
WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component Sup- 
porting circulatory function in patients with veh innate heart failure, and its inhibition by beta 
blockade may precipitate more severe failure. Ithough beta blockers should be avoided in 
overt congestive heart failure, if necessary, they can be used with close follow-up in patients 
with a history of failure who are well compensated and are receiving digitalis and diuretics 
Hu adionargic blocking agents do not abolish the inotropic action of digitalis on heart 
muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of haart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, ee abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
Cautioned against interruption or cessation of therapy without the physician's advice. !f 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
agement of unstable angina pectoris. Since coronary artery disease may be 
unrecognized, it may be prudent to follow the above advice in patients considered at risk 
m ng occult atherosclerotic heart disease who are given propranolo! for other 
indications. 


Nonallergic Bronchospasm (e-9-s chronic bronchitis, very trice ta 
PATIENTS WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodila- 
tion produced by endogenous and exogenous catecholamine stimulation of beta receptors. 
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. MAJOR SURGERY: The necessity or desirability of withdrawal of Deta-blocking therapy 
prior to major surgery is controversial. It should be noted. however, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta- 
receptor agonists and its effects can be reversed by administration of such agents, e.g. 
dobutamine or isoproterenol. However, such patients may be subjec: to protracted severe 
hypotension. Difficulty in starting and maintaining the heartbea! has also been reported with 
beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the ap- 
pearance of certain premonitory signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more 
difficult to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 
propranolol 
PRECAUTIONS. General: Propranolol should be used with caution in patents with impaired 
hepatic or renal function. INDERAL is not indicated for the treatmert of hypertensive 
emergencies. 

Beta adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depletinc drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympatnetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or orthostatic 
hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of significant 
drug-induced toxicity. There were no drug-related tumorigenic effects at any of the dosage 
levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women INDERAL should 
be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: INDERAL is excreted in human milk. Caution should be exercised when 
INDERAL is administered to a nursing woman. 

Pediatric Use: Satety and effectiveness in children have not been established. 
ADVERSE REACTIONS. Most adverse effects have been mild and transient and have 
rarely required the withdrawal of therapy. 

Cardiovascular: bradycardia; congestive heart failure; intensification cf AV block: hypo- 
tension; paresthesia of hands; thrombocytopenic purpura, arterial insufficiency, usually of the 
Raynaud type. 

Central Nervous System: lightheadedness; mental depression maritested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome charaeterizec by disorientation for 
time and place, short-term memory loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Auto-Immune: |n extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronies disease have been reported rarely. Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) 
have not been associated with propranolol. 

DOSAGE AND ADMINISTRATION. INDERAL LA provides prapranolol hydrochloride in a 


. Sustained-release capsule for administration once daily. If patients are switched from INDERAL 


tablets to INDERAL LA capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg ‘or mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION— Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. Tne dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response tc a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS— Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three to severxday intervals until optimum 
response is obtained. Although individual patients may respond at anv dosage level, the 
average optimum dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks 
(see WARNINGS). 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimum migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximum dose. INDERAL LA therapy 
should be discontinued. It may be advisable to withdraw the drug:gradually over a period of 
Several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE —At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. i 

*The appearance of INDERAL LA capsules is a registered trademark of Ayerst Laboratories. 
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Benefits of Rehabilitation for 
Traumatic Spinal Cord Injury 


Multivariate Analysis in 711 Patients 


Gary M. Yarkony, MD; Elliot J. Roth, MD; Allen W. Heinemann, PhD; 
Yeongchi Wa, MD; Eickard T. Katz, MD; Linda Lovell 


€ The functiona cutcomes of 711 
patients with traumatic spinal cord inju- 
ries who were admitted to a rehabilitation 
hospital during an eight-year period were 
studied. The modified Barthel index, a 
100-point scale, was used to assess abili- 
ty to perform self-care and mobility skills 
at rehabilitation admession and discharge. 
There were statistically significant im- 
provements in self-care and mobility sub- 
scores of She mocified Barthel index. 
Mean total modified Barthel index scores 
increased from 13.8 at admission to 46.1 
at discharge for patents with quadriple- 
gia, and frem 37.7 to 74.4 for patients 
with paraplegia. Functional gains made by 
patients with incomplete spinal lesions 
were greater than these«made by patients 
with complete lesioms. This study docu- 
ments improvement in ability to perform 
self-care and mobility skills among 
patients witm spinal corc injuries who par- 
ticipate in compreheasive rehabilitation. 

(Arch Neurc! 1987 44:93-96) 


Spinal cord injury (SCI) has been 
described as “ore of the most dev- 
astating calamities in human life.” 
However, length? and quality of sur- 
vivaP? follewing injury to the spine 
have increased substantially during 
the past 40years. Early case reports’ 
asserted that faworable outcomes 
from modern rehakilitation methods 
refuted the prevasnt attitudes of 
hopelessness and fetility for persons 
with quadriplegia. More recently, 
investigators™ have suggested that a 
significant mumber of persons with 
SCIs achieve functienal independence 
in performance of daily living 
skills. 
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Long and Lawton’ first published a 
discussion of the relationship between 
potential functional abilities and 
residual muscle power; application of 
these guidelines to actual patients 
was not performed. Young and asso- 
ciates® described functional outcomes 
in a series of 6012 patients. They did 
not compare changes in function 
between rehabilitation admission and 
discharge, nor did they statistically 
analyze differences between sub- 
groups. Woolsey’ described achieve- 
ment of functional abilities in a sam- 
ple of 100 consecutive patients with 
SCI. He reported percentages of 
patients achieving expected perfor- 
mance levels, based on predictions 
obtained from previous small series 
and theoretical guidelines. Woolsey’s 
study did not examine associations 
among specific patient parameters, 
nor differences in functional status 
between rehabilitation admission and 
discharge. 

The object of this investigation was 
to evaluate changes in functional abil- 
ity during initial inpatient rehabilita- 
tion for SCI. Self-care and mobility 
skills were rated at admission to and 
discharge from a rehabilitation pro- 
gram. Patterns of functional improve- 
ment for patients with complete para- 
plegia, incomplete paraplegia, com- 
plete quadriplegia, and incomplete 
quadriplegia were evaluated. It was 
anticipated that this study would 
serve to support the continued use of 
comprehensive inpatient rehabilita- 
tion programs for the 10 000 persons 
who sustain SCIs in the United States 
each year.* 


PATIENTS AND METHODS 


Patients 
The data base of the Midwest Regional 
Spinal Cord Injury Care System 


(MRSCICS) was reviewed. The MRSCICS 
consists of the Northwestern Memorial 
Hospital Spinal Cord Injury Unit, where 
acute spinal stabilization and management 
of acute medical complications take place, 
and the Rehabilitation Institute of Chicago 
(RIC), a freestanding, comprehensive reha- 
bilitation facility. In 1980, MRSCICS 


admitted 71% of all patients with acute 
SCI in the city of Chicago, 63% of all SCI 
patients in Cook County, and 39% of all 
patients with SCI in the state of Illinois.’ 
At RIC, an experienced, maltidisciplinary 
team of rehabilitation professionals repre- 
senting physiatry, nursing, physical, occu- 
pational, and speech therapres, psychology, 
social work, vocational rehabilitation, and 
therapeutic recreation provided an inte- 
grated program of physical rehabilitation 
and functional training to each patient. 
Patients included only those admitted to 
RIC for initial rehabilitation following 
acute traumatie SCI between 1973 and 
1980, the only period for which complete 
data were available. 


Procedure 


Admission and discharge functional 
status and demographic data, including 
age, race, and sex, were recerded. Injuries 
were classified as quadriplegia (cervical 
SCIs) or paraplegia (thoracic and lumbar 
SCIs), and as complete or incomplete, 
according to the Standards of the Ameri- 
can Spinal Injury Association, Chicago." 
The level of injury was identified as the 
most caudal normal level. No sensory or 
motor function below a given level was 
defined as a complete lesion. An incom- 
plete lesion was defined as any sensory or 
motor function existing below the last nor- 
mal level, regardless of functional useful- 
ness. Causes of injury were classified as 
one of the following: road traffic accidents, 
penetrating wounds, sports accidents, 
falls, and other causes. Time intervals 
between injury onset and rehabilitation 
admission (onset—admission interval) and 
between rehabilitation admission and dis- 
charge (length of rehabilitation stay) were 
recorded. 


instrument 


A modified Barthel index (MBI) was 
scored for each patient at admission and 
discharge using a variation of Granger and 
coworkers”! revisions of Maheney and Bar- 
thel’s guidelines." Table 1 lists the group- 
ing of the 15 tasks into self-care and mobil- 
ity subscores. Functional status at defini- 
tive discharge was used for patients whose 
rehabilitation hospital stay was inter- 
rupted by a medical complication requiring 
acute hospitalization. A ratimg of “inde- 
pendence” in a task require demonstra- 
tion of the ability to perform the task 
without the assistance of anether person, 
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3 The distribution ef patients by age, 
Table 1.—Modified Barthel Index Items sex, and race was unrelated to level of 








*RIC indicates Rehabilitation Institute of Chicago. 


Independence Assistance Dependence 
Item Granger"! Ric !3 Granger RIC Granger RIC 
Self-care subscore 
Drinking from cup 4 4 0 2 0 0 
Eating 6 6 0 3 0 0 
Dressing upper body 5 5 3 3 0 0 
Dressing lower body 7 7 4 4 0 0 
Don brace or prosthesis o 0 —2 -2 0 0 
Grooming 5 5 0 3 0 0 
Washing or bathing 6 6 0 d 0 0 
Bladder continence 10 10 5 81/5 0 0 
Bowel continence 10 10 5 81/5 0 0 
Mobility subscore 

Transfer, chair 15 15 id 7 0 0 
Transfer, toilet 6 6 3 3 0 0 
Transfer, tub or shower 1 1 0 0 0 0 
Walk on level, 50 yd 15 1§ 10 10 0 0 
Up and down stairs, one 

flight 10 10 5 5 O 0 
Wheelchair, 50 yd (only 

if not walking) 5 5 0 0 0 0 










t'"Limited independence” in bowel and bladder continence scored 8 points each. 


with or without an orthotic device. “Assis- 
tance” in performing a task was defined as 
the ability to perform at least half the 
effort of the task: lifting, guarding, super- 
vising, or cueing could be provided. Assis- 
tance in brace donning was scored as nega- 
tive two points. “Dependence” in a task 
was identified as the inability to perform 
at least half the effort of the task; depen- 
dence was scored as zero points in all 
areas. 

The scoring guidelines of Granger and 
associates" were modified according to the 
criteria of Cummens and Hough.” Per- 
forming an activity with assistance scored 
three points each for eating from a tray, 
bathing, and grooming, and two points for 
drinking from a cup. Performing these 
skills with assistance scored zero points on 
the index by Granger and associates. A 
category of "limited independence" was 
added for bowel and bladder function. This 
rating scored eight points and allowed the 
person to receive credit for performing 
independently in bowel and bladder care 
without physiologic limitations. Limited 
independence in bladder continence de- 
scribed the ability to manage a urinary 
drainage device independently without 
incontinence or spills. Limited indepen- 
dence in bowel continence was defined as 
the use of stool softeners, digital stimu- 
lants, suppositories, enemas, or laxatives 
without assistance or incontinence. 

Granger and associates" have shown the 
MBI to be valid, reliable, and sensitive for 
describing functional abilities and change 
over time in patients with SCI. Reliability 
was indicated by the findings of an inter- 
rater correlation of 0.97 and an internal 
consistency coefficient (a) of 0.92 when 
administered at discharge for 100 patients. 
The self-care subscore varied from —2 to 
53, and the mobility subscore ranged from 
0 to 47. 
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Statistical Analysis 


Differences between groups defined by 
injury level, completeness, and cause were 
examined with ¢ tests and x? tests. A full 
factorial, multivariate repeated measures 
analysis of variance (MANOVA) was com- 
pleted to assess improvement from admis- 
sion to discharge on self-care and mobility 
subscores using the Statistical Package for 
the Social Sciences.'* This design is multi- 
variate in two senses. First, patients were 
measured at two points in time. Second, 
they were measured with two sets of items: 
mobility and self-care. These were treated 
as within-subjects factors because all 
patients were tested twice on two sets of 
items. The effects of injury level and neu- 
rologic intactness were also examined; 
these were  between-subjects factors 
because they are ways of grouping 
patients. Hotelling's T? statistic was used 
to determine the significance of observed 
relationships; when divided by the associ- 
ated degrees of freedom, this statistic 
assumes an F distribution and associated 
significance levels can be determined. 


RESULTS 


A total of 711 patients were studied 
during this eight-year period; 389 per- 
sons (55% of the sample) were quadri- 
plegic and 322 were paraplegic. 
Incomplete injuries were present in 
significantly more persons with quad- 
riplegia (52% of the quadriplegia 
group) than in patients with paraple- 
gia (34%; corrected y? [1]= 20.8; 
P < .0001). The sample was predomi- 
nantly male (82%) and white (65% ). 
Blacks accounted for 28% of the sam- 
ple; Hispanics, 6%; and persons from 
other racial groups, 1%. The mean age 
at admission was 28.3 years. 


injury. However, injury level was 
related to cause (x^ [4]- 112.8; 
P <.0001); quadriplegia was most 
often caused by road and traffic acci- 
dents (41%), followed by sporting 
injuries (24%), falls (19%), penetrat- 
ing wounds (11%), and other causes 
(5% ). Paraplegia was most commonly 
caused by penetrating wounds (35%), 
followed by road and traffic accidents 
(34%), falls (19%), other causes 
(10%), and sports (2%). 

Completeness of injury was unre- 
lated to sex and race, although per- 
sons with incomplete lesions tended to 
be older (separate variance estimate 
{519.06] = 4.26; P «.001). The mean 
age for persons with incomplete 
lesions was 31.0 years, while the aver- 
age age of persons with complete inju- 
ries was 26.2 years at injury. Neuro- 
logic intactness was related to injury 
cause(x? [4] = 12.0; P = .02); falls were 
more likely to cause incomplete 
lesions (56% of persons with falls had 
incomplete lesions) and complete 
injuries were more likely to result 
from road traffic accidents (5795 of 
persons with road traffic accidents 
had complete lesions), penetrating 
wounds (61%), sports accidents 
(55% ), and other causes (67% ). 

The mean time from injury to initi- 
ation of rehabilitation was 28.8 days; 
there was no significant difference in 
onset-admission interval between pa- 
tients with paraplegia and quadriple- 
gia (F[1708] = 0.66; P, not significant), 
nor between patients with incomplete 
and complete injuries (F[1708] = .99; 
P, not significant). Length of rehabili- 
tation stay was related to both level of 
injury and completeness of injury. 
While patients with quadriplegia 
stayed significantly longer than did 
those with paraplegia (121.0 vs 81.7 
days, respectively), persons with 
incomplete lesions within each group 
had significantly shorter stays (the 
mean stay for persons with incomplete 
quadriplegia was 107.6 days, while for 
persons with complete quadriplegia 
the mean stay was 135.3; persons with 
incomplete paraplegia stayed an aver- 
age of 78.2 days, while persons with 
complete paraplegia stayed an aver- 
age of 83.4 days. The main effect for 
level of injury was significant, 
F(1705) = 156.5; P = .001 as was the 
main effect for neurologic com- 
pleteness, F(1705) 2282: P=.001 
and the interaction between the fac- 
tors, F(1705) = 10.5; P = .001. 

Self-care and mobility subscores at 
admission and discharge for patients 
with complete paraplegia, incomplete 
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Fig 1.—Modiñes Barthel index (MBI) self-care subscores at admission and discharge. 
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Fig = —Modified Barthel index (MBI) mobility subscores at admission and discharge. 





Effect 


injury eve! (quaeriplegia vs 


Leveiby compleeness 
Time 5y level by completeness 





pa-aple&a, cemplete quadriplegia, 
and ineomplete quadriplegia are dis- 
played in Figs 1 and 2. For the 188 
patients with complete quadriplegia, 
the total MBI at admission was 7.7 
amd at discharze was 30.6. The mean 
tocal MBI for the 201 patients with 
incomplete quadriplegia was 19.5 at 
acmission and 60.6 at discharge. The 
mean ;otal MBI score for the 211 
petients. with complete paraplegia 
was 35.2 at admission and 71.2 at 
discharge. Finally, the 111 patients 
wth ircomplese paraplegia had aver- 
age MBI scores of 42.4 at admission 
amd 865 at discharge. 

The Hotelling’s F values in Table 2 
demonstrate tnat statistically signifi- 
cant eTects were found for time (im- 
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Table Z. —Mulsivariate Analysis of Variance for Time, Level, and Neurologic Intactness 


Hotelling’s 


Time :3dmission-vs discharge) 1505.95 2706 «.001 


parzptegia) 408.53 2706 <.001 
Injury 2empleteness (complete 
vs acomplete 98.74 2706 <.001 


Time*by level 23.94 2706 <.001 
Time by comples=ness 58.36 2706 <.001 


20.76 
20.72 








Degrees of 
Freedom P 










<.001 
<.001 


2706 
2706 












provement from admission to dis- 
charge), level of injury (paraplegia vs 
quadriplegia), neurologic intactness 
(incomplete vs complete), and for 
interactions between these factors. In 
addition, the associated univariate F 
values for self-care and mobility skill 
main effects (not listed) were statisti- 
cally significant. Functional abilities 
were greater (1) at discharge (36.9 for 
self-care, 22.0 for mobility, and 58.9 
total) than at admission (19.0 for self- 
care, 5.6 for mobility, and 24.6 total) 
for the entire sample; (2) for persons 
with paraplegia than for persons with 
quadriplegia; and (3) for persons with 
incomplete injuries than for persons 
with complete lesions. Figure 2 shows 
that while all patient groups im- 


proved in mobility skills, persons with 
complete quadriplegia made the 
smallest gains, and those with incom- 
plete paraplegia made the most gains. 
Improvement in self-care skills was 
approximately equivalent across all 
four groups. Although the interac- 
tions between factors were statistical- 
ly significant, they were relatively 
small compared with the main 
effects. 


COMMENT 


This study is the first systematic 
documentation of change in self-care 
and mobility skill performance be- 
tween admission and discharge for a 
large group of rehabilitation inpa- 
tients with SCIs of recent onset. Sev- 
eral findings merit comment. Each of 
the four patient groups, defined by 
level and completeness of injury, 
made functional improvements dur- 
ing rehabilitation hospitalization. The 
degree of functional independence at 
admission and discharge, and the 
amount of change between the two 
periods of assessment depended on 
neurologic level and completeness of 
injury: Persons with paraplegia were 
admitted and discharged with greater 
self-care and mobility skills. Within 
the paraplegia anc quadriplegia 
groups, patients with incomplete 
lesions had greater skill levels. Each 
of the four groups demonstrated vari- 
ous degrees of functional improve- 
ment over different lengths of hospi- 
talization. Persons with paraplegia 
and those with incomplete injuries 
made greater gains during shorter 
hospitalizations than did those with 
quadriplegia and complete lesions, 
respectively. 

This investigation supplements pre- 
vious theoretical,*'*'”’ anecdotal, and 
incomplete*? reports of rehabilitation 
outcome. Theoretical predictions of 
outcome that are based solely on mus- 
cle power analysis*'*" ignore such fac- 
tors as physique,5 motivation, de- 
pression,” socioeconomic resources, 
and cognitive deficits resulting from 
concurrent head injury.? Series that 
are limited in size and variety of 
backgrounds* do not allow application 
of their results to large, diverse popu- 
lations. Finally, omission of admis- 
sion functional status*' precludes 
assessment of change during the 
course of rehabilitation hospitaliza- 
tion. These deficiencies were ad- 
dressed in the present study. 

Gains for specific patients, such as 
those with cervical injuries, initially 
may appear minimal. However, the 
ability to perform self-care skills with 
assistance is important because it sig- 
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nifieantly decreases the amount of 
attendant care required and enhances 
the patient's sense of self-reliance. 
When people can dress or feed them- 
selves with assistance, they require 
significantly less attendant care and 
place less burden on their families 
than when they are dependent. Simi- 
larly, the ability to assist with trans- 
fers and wheelchair propulsion re- 
duces the need for an attendant. Even 
though discharge functional status 
may be less than normal (100) many 
patients achieve functional indepen- 
dence that is consistent with their 
physiologic capabilities. For example, 
a nonambulatory individual who uses 
a wheelchair and performs all other 
skills independently would attain a 
maximum MBI score of 80. Such a 
person would be limited only by archi- 
tectural barriers. 

Limitations of this study are re- 
lated to inclusion of patients from 
only one SCI center. However, refer- 
rals come from urban, suburban, and 
rural communities within a three- 
state, primary catchment area. This 
population represents a variety of 
socioeconomic and environmental 
backgrounds. Furthermore, the demo- 
graphic characteristics of our sample 
are similar to those of the national 
population of persons with SCIs, as 
described by Young et al Unfortu- 
nately, the unique effects of specific 
rehabilitation interventions cannot be 
assessed fully; neither an untreated 
control group nor comparison groups 
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receiving different kinds of services 
were examined. Consequently, while 
we expect that the timely provision of 
therapy to meet specific patient needs 
facilitated functional improvement, it 
is not possible to distinguish the sepa- 
rate influences of independent learn- 
ing and natural recovery from those 
of rehabilitation. However, natural 
recovery of muscle strength is mini- 
mal for persons with complete 
lesions," and even this group demon- 
strated significant functional gains. 
Among persons with incomplete SCI, 
some of the improvement in ability to 
perform self-care and mobility skills 
may have occurred naturally, but the 
rate and degree of functional recovery 
appeared to have been enhanced by 
the institution of a formal rehabilita- 
tion program. 

Functional improvement after SCI 
is only part of a total rehabilitation 
program involving patient and family 
(caregiver) education. Patient under- 
standing and prevention of such 
potential SCI complications as uri- 
nary tract deterioration,2~ bowel 
impaction,“ pressure sores, and 
bodily responses to immobilization% 
are vital to rehabilitation success. 
Persons who are unable to participate 
in their own care because of limited 
physical functioning must be able to 
direct personal care attendants in the 
proper performance of management 
techniques. A complete rehabilitation 
program includes involvement in such 
community activities as shopping, 
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traveling, recreation, and sports 
activities." Psychosocial interven- 
tions that focus on psychologic and 
sexual adjustment,’™™ peer counseling, 
driver education, vocational rehabili- 
tation,*” and caregiver training are 
also essential parts of a total rehabil- 
itation program. Injury at or above 
the fourth cervical segment requires 
institution of a rehabilitation pro- 
gram that includes provision of 
sophisticated and specialized equip- 
ment. Control of wheelchairs, comput- 
ers, electronic devices, and telephone- 
dialing equipment with breath ("sip 
and puff"), chin-movement, or mouth- 
sticks? can enhance independence and 
quality of life. Status of and improve- 
ment in any of these areas are not 
reflected in the MBI or similar func- 
tional scales. 

Rehabilitation following SCI is a 
complex task that requires an inter- 
disciplinary team of experienced pro- 
fessionals.” A comprehensive rehabil- 
itation program, which provides a full 
range of services and maximum 
patient participation, erhances the 
likelihood of achieving favorable out- 
comes, promotes the resumption of 
meaningful life roles, and facilitates 
the opportunities for community rein- 
tegration. 

This study was supported in part by the 
National Institute of Handicapped Research, 
Washington, DC (G008435139 and G008535129). 

We appreciate the assistance of Stephanie 
Rosenthal and Pat Wagner in manuscript prepa- 


ration and of Stephen M. Tuel, MD, in figure 
preparation. 


21. Maynard FM, Reynolds GG, Fountain S, et 
al: Neurological prognosis after traumatic quad- 
riplegia. J Neurosurg 1979;50:611-616. 

22. Wu YC: Total bladder care for the spinal 
cord injured patient. Ann Acad Med Singapore 
1983;12:387-399. 

29. Kuhlemeir KV, Lloyd LK, Stover SL: Long- 
term follow-up of renal function after spinal cord 
injury. J Urol 1985;134:510-513. 

24. Comarr AE: Bowel regulation for patients 
with spinal cord injury. JAMA 1958;167:18-21. 

25. Anderson TP, Andberg MM: Psychosocial 
factors associated with pressure sores. Arch 
Phys Med Rehabil 1979;60:341-346. 

26. Steinberg FU: The Immobilized Patient. 
New York, Plenum Publishing Cor», 1980. 

21. Asayama K, Nakamura Y, Ogata H, et al: 
Physical fitness of paraplegics in full wheelchair 
marathon racing. Paraplegia 1985;23:277-287. 

28. Brackett TO, Condon N, Kindelan KM, et 
al: The emotional care of a person with a spinal 
cord injury. JAMA 1984;252:793-795. 

29. DeVivo MJ, Fine PR: Employment status 
of spinal cord injured patients three years after 
injury. Arch Phys Med Rehabil 1982:63:200- 
203. 

30. Voda JA, Gordon RE: Environmental con- 
trol and augmentative communication program 
for nonverbal physically disabled persons. Arch 
Phys Med Rehabil 1982;63:511-512. 

31. Fordyce WE: On interdisciplinary peers. 
Arch Phys Med Rehabil 1981;52:51-53. 


Spinal Cord Injury — Yarkony et al 


DALLAS 
April 30 - May 1-2, 1987 


«Modern Dissection Techniques Of Bone, Biometals and Bioplastics" 
(Immediately preceding the A. A.N.S. meeting.) 


A Neurosurgical Symposium 
(NEURO 700) 
sponsored by the 


MIDAS REX INSTITUTE 


COURSE DIRECTORS: Phillip E. Williams, Jr., M.D.; Norman McDaniel, Ph.D.; Susan Mitchell, Ed.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: 

The Midas Rex Mands-On Workshop will be held each day from 
7 30 a.m to 1:39 p.m. The workshop will emphasize a series of 
hands-on exercsses, utilizing appropriate animal bones, skeletal 
benes, thoplastics and biometals for dissection in the cranium 
amd spre. Methylmethacrylate and biometals as they relate to 
neurosuggery wil also be considered. 








\pou dont have to move mountains to make a difference 


on this earth. 


By leavmg even the smallest legacy to the American 


Cancer Soaety in your will, you can leave 
a lov ng and lasting impression on life. 

Æ ad giving life is the greatest way of 
leaving your mark on tt. 


AMERICAN 
f SOCIETY” 


r more information. call your local ACS Unit or write to the 


American Cancer Society, 4 West 35th Street, New York, NY 10001. 


ACCOMMODATIONS: 
The Regent Hotel, 1241 West Mockingbird Lane, Dallas, Texas 
75247. Phone (214) 630-7000. 


ENROLLMENT: 

Send letter and check payable to “Dallas Symposium.’ Surgeon— 
US $965.00; Resident—US $585.00 (with letter from Department 
Head); OR/Tech/Ass't.— US $250.00. Write to: 

Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 76111, 
Phone: (800) 433-7639, In Texas: (817) 831-2604. 


NEUROLOGIST - 


Excellent opportunity for a busy 
and rewarding practice for 1-2 
neurologists BC/BE in eastern 
lowa. Two full servce hospitals. 
Full EEG, EMG, BER facilities and 
three state-of-the-art CTs available 
in referral area of 250,000. Superb 
recreational, cultura and educa- 
tional opportunities located in city 
of 65,000, on the Mississippi River. 
Unique opportunity for solo prac- 
tice or to join a large progressive 
Internal Medicine Group. Send CV 
to: 


Charles S. Rothberg, M.D. 
Dubuque, IA 52001. — 


E 1 
è ^w ` 
i C Fi "lg f 





Late-Convalescent Poliomyelitis 


Corticospinal Tract Integrity 


Paul S. Fishman, MD, PhD 


e Since both poliomyelitis and amyo- 
trophic lateral sclerosis affect spinal 
motor neurons, a relationship between 
these two diseases has been suggested. 
Corticospinal tract (CST) degeneration, a 
prominent aspect of amyotrophic lateral 
sclerosis, is rarely observed in acute 
poliomyelitis. Autopsy material from sev- 
en patients who had survived long periods 
after severe paralytic poliomyelitis was 
examined for evidence of CST degenera- 
tion. Although there was severe motor 
neuron loss and destruction of ventral 
horn cytoarchitecture, none of the spinal 
cords showed significant demyelination, 
fiber loss, or gliosis in the region of the 
CST. The structural integrity of the CST is 
maintained for many years after severe 
motor neuron loss due to poliomyelitis. 

(Arch Neurol 1987;44:98-100) 


he possible relationship of paraly- 

tic poliomyelitis to amyotrophic 
lateral sclerosis (ALS) is unclear.'* 
Although both conditions affect spi- 
nal motor neurons, acute poliomyeli- 
tis only minimally affects corticospi- 
nal neurons,? while pathologic fea- 
tures in the corticospinal system are a 
major component of ALS.*'* Another 
obvious difference between the two 
diseases is that poliomyelitis is pri- 
marily an acute disease, and ALS 
progresses to death over years. There 
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have been few pathologic studies of 
the nervous system of patients who 
had survived long periods of time 
after paralytic poliomyelitis.*'5/^ Be- 
fore the advent of intensive medical 
support, not enough patients survived 
long periods after severe poliomyelitis 
to allow for pathologic examination of 
long-term changes in the nervous sys- 
tem. Peers? examined three patients 
who had survived up to 19 weeks after 
severe poliomyelitis and observed 
some loss of Betz' cells with gliosis in 
the precentral corzex, but no changes 
in the corticospinal tract (CST). Bell’ 
described four patients who had sur- 
vived between two and 43 years after 
severe poliomyelitis. He noted demye- 
lination in the spinal cord in one 
patient, primarily in the posterior col- 
umn, but his observations were 
focused on examining the tissue for 
signs of inflammation. None of the 
authors have commented on the 
degree or frequency of CST degenera- 
tion. It is likely that the clinical signs 
of corticospinal neuron (upper motor 
neuron) involvement, such as hyperre- 
flexia and Babinski's sign, would not 
be expressed in patients after severe 
poliomyelitis, due to underlying spinal 
motor neuron loss. We wished to 
determine, through pathologic exami- 
nation, whether patients who sur- 
vived a severe attack of paralytic 
poliomyelitis would eventually show 
corticospinal degeneration. 


PATIENTS AND METHODS 


Case records of 40 patients with the 
diagnosis of poliomyelitis were reviewed 
after a computer (PANLARS) search of 
the registry of the Armed Forces Institute 
of Pathology, Washington, DC, covering 
the years 1950 to 1984. Autopsy material 


from seven patients who met the following 
criteria was examined: clear documenta- 
tion of severe paralytic poliomyelitis 
resulting in monoplegia to quadriplegia; 
survival for years after the initial disease 
without evidence of progression; no clinical 
evidence of any other neurologic disease; 
and adequate spinal cord tissue available 
for reexamination. The Table summarizes 
the clinical information of these patients. 
Tissue blocks of spinal cord at all available 
levels as well as from the medullary pyra- 
mids were recut and stained with the 
Woelche technique for myelin, Bielschows- 
ky’s method for axons, and Holzer’s meth- 
od for glial filaments." 


RESULTS 


Pathologic examination gave simi- 
lar results for each of the seven 
patients. The ventral horns of the 
clinically affected areas were severely 
depleted of neurons. Many of these 
areas were virtually acellular, with 
the few remaining cells appearing to 
be astrocytes (Figure, A). These ven- 
tral horns were stained darkly with 
the Holzer method, indicating that 
regions of neuronal loss were highly 
gliotic (Figure, B). In some areas, the 
gliotic regions encompassed not only 
the ventral horn, but the intermediate 
lamina of the spina! cord as well. No 
evidence of active inflammation was 
present in this material. 

There was little pathologic change 
in the white matter of the cord. The 
pathologic change was restricted to 
segments of the cord with severe 
motor neuron loss and atrophy of the 
ventral horn, as has been described 
for white matter changes in acute 
poliomyelitis.: The most common 
change observed was demyelination 
and fiber loss in the ventral root entry 
zones in three patients, as shown in 
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the Figure (D). Some slight pallor in 
the propricspinal tracts was observed 
at these levels as well. The lateral 
funieuli were examined at all levels 
for signe of CST degeneration. No 
demyelination or gliosis was seen in 
the -egion of the lateral or anterior 
aspeets of the CSTs with the Woelche 
or the Helzer stain. No degeneration 
was noted with the Bielschowsky 
technique, but in two patients fiber 
densities in the tracts appeared 
slightly recueed. This small degree of 
fiber loss wasonly detectable at levels 
with sever» motor neuron loss. No 
CST or other white-matter abnormal- 
ities were detectable above levels of 


Interval Between 
Case No./ Paralytic Poliomyelitis 
Sex/Age, y and Death, y 


1/M/46 
2/M/47 


3/M/50 


4/M/67 
5/F /35 


6/M/39 
7/F /57 


Motor 
involvement 


Paraplegia 
Paraplegia 


Atrophic, flaccid 


leg, neurogenic 
bladder 


Quadriplegia 


Atrophic, 
paralyzed leg 
Paraplegia 


Paraparesis, 
atrophic leg 


Cause of Death 
Pneumonia 


Gastrointestinal tract 
hemorrhage 


Myocardial infarction” 


Pulmenary 
insufficiency 


Drug overdose 


Pneumonia 
Pneumonia 


A, Section through lumbar spinal cord of 57-year-old woman with history of childhood poliomyelitis and long-standing 
severe paraparesis (case 7). Both ventral horns (arrows) are devoid of neurons. White matter is free of degenerating 
material that would appear black (Bielschowsky's stain). Bars indicate 1 mm. B, Adjacent section from same spinal cord 
-tesned with Holzer's technique. Ventral horns are densely gliotic (arrows), but there is no abnormal staining of white 
matter. 2, Section through thoracic spinal cord of same patient. Lateral funiculi are well myelinated, including region of 
'ateral corticospinal tract (outlined on right) (Woelche's stain). D, Section through thoracic spinal cord of 67-year-old man 
'aft-quadriplegic by poliomyelitis 26 years prior to death (case 4). There is demyelination adjacent to ventral horn and in 
^ost-lateral regions of lateral funiculi, but not in region of lateral corticospinal tract (Woelche's stain). 
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severe gray matter involvement. Nor- 
mal volume and myelination are evi- 
dent in the Figure (C), in the thoracic 
cord of a patient with severe gray 
matter disease in the lumbar cord. 


COMMENT 


—Although poliovirus can cause a 
latent infection in mice and possibly 
in humans, there is currently no 
direct evidence linking poliovirus with 
ALS.**? We sought to investigate 
further the possible relationship 
between ALS and poliomyelitis by 
examining patients who had had late- 
convalescent poliomyelitis and by 
looking specifically for a major patho- 
logie feature of ALS: CST degenera- 
tion. We found no evidence of CST 
degeneration in these seven patients, 
who had survived many years after a 
severe attack of paralytic poliomyeli- 
tis. There is evidence for occasional 
corticospinal involvement in acute 
poliomyelitis, but this involvement is 
far less in frequency and extent than 
the CST degeneration seen in ALS.*'* 
Our observations support the concept 
that poliomyelitis does not cause clin- 
ieally silent, progressive pathologic 
features in the central nervous system 
after the acute syndrome and confirm 
the observations of Bell on the paucity 


1. Campbell AMG, Williams ER, Pearce J: 
Late motor neuron degeneration following polio- 
myelitis. Neurology 1969;19:1101-1106. 

2. Mulder DW, Rosenbaum RA, Layton DD Jr: 
Late progression of poliomyelitis or forme fruste 
of ALS. Mayo Clin Proc 1972;47:756-761. 

3. Roos RP, Viola MV, Wollman R, et al: 
Amyotrophic lateral sclerosis with antecedent 
poliomyelitis. Arch Neurol 1980;37:312-313. 

4. Viola MV, Lazarus M, Antel J, et al: Nucleic 
acid probes in the study of amyotrophic lateral 
sclerosis, in Rowland LP (ed): Human Motor 
Neuron Diseases. New York, Raven Press, 1982, 
pp 159-164. 

5. Bell ET: The progressive pathology of polio- 
myelitis, in First International Poliomyelitis 
Congress. New York, JB Lippincott, 1949, pp 
135-141. 

6. Bodian D: Histopathological basis of clinical 
findings in poliomyelitis. Am J Med 1949;6:563- 
578. 

7. Horstmann DM: Clinical aspects of acute 
poliomyelitis. Am J Med 1949;6:592-605. 

8. Baker AB, Cornell S: Poliomyelitis: XV. The 
spinal cord. Arch Pathol Lab Med 1956;61:185- 
206. 

9. Bertrand I, van Bogaert L: Rapport sur a 
sclerose laterale amyotrophique. Rev Neurol 
1925;1:779-806. 

10. Davidson C: Amyotrophic latera! sclerosis: 
Origin and extent of the upper motor neuron 
lesion. Arch Neurol Psychiatry 1941;46:1039- 


100 Arch Neurol— Vol 44, Jan 1987 


of white matter changes after polio- 
myelitis. None of the seven patients 
had suffered from the syndrome of 
late progressive muscle weakness 
after paralytic poliomyelitis. This 
syndrome, like acute poliomyelitis, 
usually lacks upper motor neuron 
signs. Hypotheses that propose a 
relationship of poliomyelitis to ALS 
have not addressed differences in cor- 
ticospinal system degeneration, and 
chronicity alone cannot be invoked to 
explain the marked differences in the 
frequency and severity of corticospi- 
nal system degeneration in the two 
diseases. Although  transneuronal 
spread of poliovirus may lead to infec- 
tion of upper motor neurons,‘ we 
found no evidence of secondary 
descending-tract degeneration in 
these patients (who lacked a history 
of encephalitis). We chose to examine 
the spinal cord of these patients rath- 
er than the motor cortex. This was in 
part due to limitations in the avail- 
able tissue, but primarily because of a 
well-established observation from 
patients with ALS—that CST degen- 
eration is much more apparent than 
cortical abnormalities.'^'4 

Another hypothesis suggests that 
ALS is caused by the loss of a trophic 
factor needed for motor neuron sur- 
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vival.* Although factors derived from 
muscle are important in motor neuron 
survival during development, depen- 
dence of adult motor neurons on such 
substances is umproved.*” The 
present study also provides evidence 
against the hypothesis that adult 
upper motor neurons are dependent 
on a substance derived from spinal 
motor neurons. The adult CST 
remains intact for many years after 
the spinal cord has been significantly 
depleted of motor neurons, their sy- 
naptic targets, by poliomyelitis. We 
found no evidence of transsynaptic 
retrograde degeneration of the CST. If 
a trophic substance is involved in 
ALS, it must influence the corticospi- 
nal system by another mechanism 
than simply through motor neuron 
loss. With the exeeption of spinal 
motor neuron degeneration, CST 
degeneration is the most prominent 
feature of the pathology of ALS. Any 
theory concerning the pathogenesis of 
ALS would be more tenable if it could 
account for both lower and upper 
motor neuron degeneration. 
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usually tolerate it well. SYMMETREL, alone at the start, buys valuable 
time before levodopa drugs* become a necessity. 

As Parkinson's disease progresses, SYMMETREL can serve as a use- 
ful adjunct to levodopa drugs* It helps smooth the random fluctuations 
in response that sometimes occur with levodopa drugs.’ In addition, 
SYMMETREL may help maintain therapeutic effectiveness if levodopa 
toxicity demands a reduction in dosage. 


yesus [AMANTADINE HC] 
More than just first-step therapy 


*The term “levodopa drugs" includes levodopa and also carbidopa/levodopa combinations 
Please see brief summary of prescribing information on following page. 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 

INDICATIONS AND USAGE: Parkinson's Disease/Syndrome and Drug-Induced 
Extrapyramidal Reactions: SYMMETREL is indicated in the treatment of idiopathic 
Parkinson's disease (Paralysis Agitans), postencephalitic parkinsonism, drug-induced 
extrapyramidal reactions, and symptomatic parkinsonism which may follow injury to 
the nervous system by carbon monoxide intoxication. It is indicated in those elderly 
patients believed to develop parkinsonism in association with cerebral arteriosclero- 
sis. In the treatment of Parkinson's disease, SYMMETREL is less effective than levo- 
dopa, (-)-3-(3, 4-dihydroxyphenyl)-L-alanine, and its efficacy in comparison with the 
anticholinergic antiparkinson drugs has not yet been established. Although anticholir- 
ergic type side effects have been noted with SYMMETREL when used in patients with 
drug-induced extrapyramidal reactions, there is a lower incidence of these side effec:s 
than that observed with anticholinergic antiparkinson drugs. 

CONTRAINDICATIONS: SYMMETREL is contraindicated in patients with known 
hypersensitivity to the drug. 

WARNINGS: Patients with a history of epilepsy or other "seizures" should be observed 
closely for possible increased seizure activity. 

Patients with a history of congestive heart failure or peripheral edema should be 
followed closely as there are patients who developed congestive heart failure while 
receiving SYMMETREL. 

Patients with Parkinson's disease improving on SYMMETREL should resume norma 
activities gradually and cautiously, consistent with other medical considerations, such 
as the presence of osteoporosis or phlebothrombosis. 

Patients receiving SYMMETREL who note central nervous system effects or blurring 
of vision should be cautioned against driving or working in situations where alertness 
is important. 

PRECAUTIONS: SYMMETREL (amantadine hydrochloride) should not be discontin- 
ued abruptly since a few patients with Parkinson's disease experienced a parkinsonian 
crisis, i.e., a sudden marked clinical deterioration, when this medication was suddenly 
stopped. The dose of anticholinergic drugs or of SYMMETREL should be reduced if 
atropine-like effects appear when these drugs are used concurrently. 

The dose of SYMMETREL may need careful adjustment in patients with renal 
impairment, congestive heart failure, peripheral edema, or orthostatic hypotension. 
Since SYMMETREL is not metabolized and is mainly excreted in the urine, it may 
accumulate when renal function is inadequate. 

Care should be exercised when administering SYMMETREL to patients with liver 
disease, a history of recurrent eczematoid rash, or to patients with psychosis or severe 
psychoneurosis not controlled by chemotherapeutic agents. Careful observation is 
required when SYMMETREL is administered concurrently with central nervous system 
stimulants, 

No long-term studies in animals have been performed to evaluate the carcinogenic 
potential of SYMMETREL. The mutagenic potential of the drug has not yet been 
determined in experimental systems. 

nancy ry C: SYMMETREL (amantadine hydrochloride) has been shown 
to be embryotoxic and teratogenic in rats at 50 mg/kg/day, about 12 times the recom- 
mended human dose, but not at 37 mg/kg/day. Embryotoxic and teratogenic drug 
effects were not seen in rabbits which received up to 25 times the recommended 
human dose. There are no adequate and well-controlled studies in pregnant women. 

SYMMETREL should be used during pregnancy only if the potential benefit justifies 
the potential risk to the embryo or the fetus. 

Nursing Mothers: SYMMETREL is excreted in human milk. Caution should be 
exercised wher SYMMETREL is administered to a nursing woman 

Pediatric Use: The safety and efficacy of SYMMETREL in newborn infants, and 
infants below the age of 1 year have not been established. 

ADVERSE REACTIONS: The most frequently occurring serious adverse reactions are: 
depression, congestive heart failure, orthostatic hypotensive episodes, psychosis, 
and urinary retention. Rarely convulsions, leukopenia, and neutropenia have been 
reported. 

Other adverse reactions of a less serious nature which have been observed are the 
following: hallucinations, confusion, anxiety; irritability; anorexia, nausea, and consti- 
pation; ataxia and dizziness (lightheadedness); livedo reticularis and peripheral 
edema. Adverse reactions observed less frequently are the following: vomiting; dry 
mouth; headache; dyspnea; fatigue, insomnia, and a sense of weakness. Infrequently 
Skin rash, slurred speech, and visual disturbances have been observed. Rarely 
eczematoid dermatitis and oculogyric episodes have been reported. 

DOSAGE AND ADMINISTRATION: Adult Dosage for Parkinsonism: The usual dose 
of SYMMETREL (amantadine hydrochloride) is 100 mg twice a day when used alone. 
SYMMETREL has an onset of action usually within 48 hours. 

The initial dose of SYMMETREL is 100 mg daily for patients with serious associated 
medical illnesses or who are receiving high doses of other antiparkinson drugs. After 
one to several weeks at 100 mg once daily, the dose may be increased to 100 mg twice 
daily, if necessary. 

Occasionally, patients whose responses are not optimal with SYMMETREL at 200 mg 
daily may benefit from an increase up to 400 mg daily in divided doses. However. such 
patients should be supervised closely by their physicians. 

Patients initially deriving benefit from SYMMETREL not uncommonly experience a 
fall-off of effectiveness after a few months. Benefit may be regained by increasing the 
dose to 300 mg daily. Alternatively, temporary discontinuation of SYMMETREL for 
several weeks, followed by reinitiation of the drug, may result in regaining benefit in 
Some patients. A decision to use other antiparkinson drugs may be necessary. 

itant Therapy: Some patients who do not respond to anti- 
cholinergic antiparkinson drugs may respond to SYMMETREL. When SYMMETREL or 
anticholinergic antiparkinson drugs are each used with marginal benefit, concomitant 
use may produce additional benefit. 

When SYMMETREL and levodopa are initiated concurrently, the patient can exhibit 
rapid therapeutic benefits. SYMMETREL should be held constant at 100 mg daily or 
twice daily while the daily dose of levodopa is gradually increased to optimal benefit. 

When SYMMETREL is added to optimal well-tolerated doses of levodopa, additional 
benefit may result, including smoothing out the fluctuations in improvement which 
sometimes occur in patients on levodopa alone. Patients who require a reduction in 
their usual dose of levodopa because of the paie iiaa of side effects may possibly 


regain lost benefit with the addition of SYMMETREL. 

“Dosage for Drug-Induced Extrapyramidal Reactions: Adult: The usual dose of 
SYMMETREL (amantadine hydrochloride) is 100 mg twice a day. Occasionally, patients 
whose responses are not optimal with SYMMETREL at 200 mg daily may benefit from 
an increase up to 300 mg daily in divided doses. 


Capsules manufactured by R.P. Scherer-North America, St. Petersbur , Florida 33702 
for 6043-15BSP/Rev. Oct. 1984 
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e (carbidopa-levopoda, MSD) is a registered trademark of Merck Sharp 
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Hepatic Ultrastructural Changes and Liver Dysfunction in 
Amyotrophic Lateral Sclerosis 


Yoshizuxi Nakane, MD; Keizo Hirayama, MD; Kiyoshi Terao, MD 


è Ultrastructural changes of hepato- 
cytes were studied in liver biopsy speci- 
mens oftiiained trom 21 patients with 
amyotrapnic lateral sclerosis (ALS). In all 
specimens, one cor more of the following 
abnormalfindings were made: (1) bizarre 
giant mi-ochondris; (2) intramitochondrial 
paracrystalline inclusions; (3) disorgani- 
zation of the lamellar structure of rough 
endoplasmic reticulum; (4) increased 
numbers of smocth endoplasmic reticu- 
lum; and. or (5) parasinusoidal fibrosis. 
Above il paracrystalline inclusions 
appearecditte be a highly specific finding in 
ALS. In ghi of the above pathologic find- 
ings, we evaluatec the liver function tests 
o! 37 patiests (including the above-men- 
tioned 21 patients: with ALS, and found a 
high incidence of mild liver dysfunction. In 
spite of its subtieness, these ultrastruc- 
tural charges of hepatocytes were con- 
sistently found in such patients, and offer 
further irsight intc the intrahepatic meta- 
bolic abrarmalities in ALS. 

(Arch Neurol 1987;44: 103-106) 


Although the pathogenes:s of amyo- 

tropaie lateral sclerosis (ALS) is 
still unknown, »ne hypothesis sug- 
gests the involvement of nutritional 
or metabolic factors'; that is, extra- 
corporez. nutritonal elements that 
are required for metabolism in the 
central mervous system may not be 
suppliec ‘or some unknowr reason. It 
is a concep: simi ar to the pathogene- 
sis of sudaeute combined degeneration 
of the spmal cord, which is caused by 
a deficiency of vtamin B,- occurring 
long after gastrectomy, and Wer- 
nicke’s encephalitis, which is caused 
by a defimiency of vitamin R, in chron- 
ic alcohelism. Moreover, there is 
established evidence of links between 
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liver dysfunction and certain neuro- 
logic diseases. Hepatolenticular de- 
generation (Wilson's disease) is well 
known as a prototype of the concomi- 
tant involvement of the liver and the 
extrapyramidal system. In collabora- 
tion with Fukuda and Hirayama,’ one 
of the authors (K.H.) described two 
cases of hepatic myelopathy in which 
there was the coexistence of liver 
damage and pyramidal tract involve- 
ment. Such findings suggest the possi- 
bility that liver dysfunction might 
play a role in the genesis of pyramidal 
tract disorders. In both cases, liver 
damage and spastic paraplegia of a 
pyramidal type were found, and one 
case showed degeneration of the pyra- 
midal tract that closely resembled 
ALS at autopsy. 

In light of such findings, one of the 
authors (K.H.) has postulated a rela- 
tionship of liver dysfunction to the 
pathogenesis of ALS and, together 
with Araki,’ observed its structural 
changes under the light and electron 
microscope.* In these investigations, 
a high incidence of ultrastructural 
changes in hepatocytes were observed 
in liver biopsy specimens of 15 
patients with ALS who had exhibited 
some abnormalities on liver function 
tests; were able to take foods orally 
without nutritional impairment; and 
had not been receiving medications 
for one month.  Ultrastructural 
changes included the following: (1) 
bizarre giant mitochondria; (2) in- 
tramitochondrial paracrystalline in- 
clusions; (3) proliferation of smooth 
endoplasmic reticulum (SER); and/or 
(4) disorganization of rough endoplas- 
mic reticulum (RER). Complete repli- 
cation of these findings at other 
major institutions has not yet been 
done, but similar results have recently 
been reported in a small study.5 The 
subjects for those studies had been 
restricted to patients with ALS hav- 
ing some abnormal liver function test 
results. In the present study, we con- 
firm the results of our earlier 
research, observed structural changes 
of liver specimens obtained from a 
wider variety of ALS patients, and 
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re-evaluated liver function tests of 
patients with ALS. 


PATIENTS AND METHODS 


Studies were conductec in 21 consenting 
patients with ALS (18 men and three 
women) who were classifed as having the 
following forms of ALS: elassic (12); pseu- 
dopolyneuritic (4) bulbar (3); and other 
forms (3). Patient ages ranged from 32 to 
75 years (mean, 58.7 years), and the dura- 
tion of the disease from onset to the date of 
liver biopsy ranged from three months to 
five years, averaging 18 months. No 
patient had either a history of liver disease 
or alcoholism. Patients incapable of self- 
feeding because of bulbar palsy were 
excluded from the study. A liver biopsy 
was performed on each patient after a 
withdrawal of drugs for one month, 
regardless of the state of liver function. 

The liver biopsy specimen was divided 
into two parts and prepared for observa- 
tion under both the light and electron 
microscopes. Microscopic preparations 
were stained with rematoxylin-eosin, peri- 
odic acid-Schiff (PAS), and Masson-tri- 
chrome. Electron microscepic preparations 
were fixed with 2.6% glutaraldehyde solu- 
tion and 1% osmium tetroxide solution, 
dehydrated with a series of graded alcohol 
solutions, and embedded in epoxy resin 
(Epon). The ultrathin sections were 
stained with lead citrate-uranyl acetate 
and observed using a transmission electron 
microscope (Hitachi 700E ). Mitochondrial 
areas were determined using an analyzer 
(Leith A.S.) with two randomly selected 
pictures of 10 000-fold magnification for 
each case, from which a histogram of mito- 
chondrial areas was obtained. 

A control group Zor electron microscopic 
examination of liver biopsy specimens was 
chosen randomly from 215 patients with 
various liver diseases who had been hospi- 
talized in the First Department of Internal 
Medicine of Chiba Jniversity (Japan). Liv- 
er diseases included chroric hepatitis (77), 
acute hepatitis (48), liver cirrhosis (42), 
idiopathic portal hypertension (6), and 
others (42). Patient ages ranged from 28 to 
78 years (mean, 514 years). 

Liver function was tested in 37 hospital- 
ized patients with ALS (the above- 
described 21 patients undergoing biopsy 
and an additional 16 cases) for the follow- 
ing serum levels: aspartate aminotransfer- 
ase (AST), alanine aminotransferase 
(ALT), lactic dehydrogenase (LDH), y-glu- 
tamyl transpeptidzse (y-GPT), direct and 
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Fig 1.—Light microscopic findings of liver biopsy specimen from patient 
with amyotrophic lateral sclerosis, showing hydropic swelling (hema- 


toxylin-eosin, X500). 


indirect bilirubin, cholinesterase (ChE), 
and total proteins and fractions. Study was 
also made of the presence of HBs antigen 
in the serum, 15-minute retention rate of 
indocyanine green (15 min%), glucose tol- 
erance test, and nicotinic acid-loading test. 
All patients were able to take foods oral- 
ly, and none had liver disease or alco- 
holism. 


RESULTS 
Findings of Liver Biopsy 


Light Microscopic Findings.— Micro- 
scopic examination showed increased 
size of pale hepatocytes (so-called 
hydropic swelling) (Fig 1) in eight 
cases, mild fatty infiltration in six 
cases, and variability in the nuclear 
size in four cases. No other obvious 
abnormal findings were detected. 

Electron Microscopic Findings.— One 
or more abnormalities were detected 
in all cases, among which abnormali- 
ties of hepatocellular mitochondria 
were prominent. All 21 cases showed 
some of these mitochondrial abnor- 
malities, which were almost identical 
to those in previous reports,** includ- 
ing bizarre giant mitochondria (19 
cases, 90.5% ) and increased numbers 
of intramitochondrial granules (18 
cases, 85.7% ) (Figs 2 and 3). An addi- 
tional finding was the appearance of 
intramitochondrial ^ paracrystalline 
inclusions (Figs 2 and 3). These were 
found in only five of 215 cases of the 
control group (two cases of liver cir- 
rhosis, one of idiopathic portal hyper- 
tension, one of fatty liver, and one 
other), but were found to be promi- 
nent in 14 (66.7%) of the 21 patients 
with ALS. The distribution of mito- 
chondrial areas in the histogram was 
almost the same for the ALS patients 
as for the controls, ranging mostly 
from 2X10"7 to 10X10-’ mm’, 
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Fig 3.—Electron microscopic findings of liver 
biopsy specimen from patient with amyotro- 
phic lateral sclerosis, showing enlarged and 
deformed mitochondria with paracrystalline 
inclusions and pigmentation (arrow, X9000). 


although those of the patients with 
ALS tended to be shifted to the right 
along the abscissa (Fig 4). The other 
abnormalities found frequently in 
patients with ALS included disorgani- 
zation of the lamellar structures of 
RER (20 cases, 95.2%) (Fig 5), 
increased numbers of SER (19 cases, 
90.5%) (Fig 6), and an increase in 
eytoplasmic pigment deposition (19 
eases, 90.5% ). 

Fibrosis around hepatocytes was 
evident in 16 (76.2%) of the 21 
patients with ALS (Fig 7). Although 
perisinusoidal fibrosis was promi- 
nent, liver fibrosis was of a mild to 
moderate grade. The incidence of per- 
isinusoidal fibrosis in the liver of 
patients with ALS was clearly higher 
than that in the control group (91 
[42.3% | of 215 controls). 

An additional abnormal finding 
was the appearance of nuclear bodies 
in a few cases. 

There was no relationship between 
such histologic abnormalities in the 





Fig 2.—Electron microscopic findings of liver biopsy specimen from 
patient with amyotrophic lateral sclerosis, showing enlarged mitochon- 
dria with paracrystalline inclusions (X 15 000). 
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Fig 4.— Top, Mean mitochondrial area of liv- 
ers of 21 patients with amyotrophic lateral 
sclerosis. Bottom, Mean mitochondrial area of 
livers of 215 patients with hepatic disease. 


livers of patients with ALS and the 
form or the duration of zhe disease. 


Liver Function Tests 


Twenty-seven (73.7% ) of 37 patients 
with ALS showed one or more abnor- 
mal values in the liver function test 
results as presented in the Table. Fif- 
teen (40.5%) of 37 patients showed 
rather high values for serum biliru- 
bin: values from 1.0 to 1.5 mg/dL (17.1 
to 25.65 umol/L) for total bilirubin 
(normal, 0.2 to 0.8 mg/dL [3.42 to 13.68 
umol/L]);; from 0.5 to 0.6 mg/dL (8.55 
to 10.26 umol/L) for direct bilirubin 
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Fie 5.—Eec-on mieroscopic findings of liver biopsy specimen from 
patient wil amyc-roohic lateral sclerosis, showing disorganization of 
rough endoplasmic 


lamellar sir ctues of 
X 10 000) 


(normal below 02 mg/dL [3.42 umol/ 
LJ); from 8.7? to 1.€ mg/dL [11.97 to 17.1 
umol/L| far iadreet bilirubin (nor- 
mal, 0:2 tc 0.€ mg/dL [3.42 to 10.26 
pmol/L Eighe (46.7% ) of 12 patients 
showed a»nommalities in nicotinic 
acid load ns tests Such abnormalities 
indicating « decreased capacity of bil- 
irubin traaspert were found in 19 
(51.4% ) of 37 patients and were most 
conspicweus. Wita respect to the pro- 
tein fracticm ir 2- patients, a decrease 
in 8-gloouEn, 5.2% to 6.9% (0.062 to 
0.969) (mermal. 7.3% to 10.3% [0.079 to 
0.:03] was evicent in 11 patients 
(41.076) = decrease in y-globulin, 
9.4% to 10.2% 0.994 to 0.102) (normal, 
148% t: 39.095 [0.148 to 0.190]) in 
seven ca3xen-cs (28.0%); and an 
increase :n-y-g: obul:n, 21.3% to 24.3% 
(0.213 te 0243 ia two patients (8%). 
That is, 3bnorm:lities of the protein 
fraction were sound in 12 (48%) of 25 
patients Jther abnormal findings 
includec m—rezsel values of transam- 
inases ( * ST, = ® 101 mU/mL) (nor- 
mal, 7 t« 4€ mW/ nL) in seven (18.9% ) 
of 37 patients end a rather higher 
retentio- ate o indocyanine green 
(12.2% s 3.7% 0.122 to 0.197]) (nor- 
mal, belzw 104. [).19]) in four (20.0% ) 
of 20 patieats. 

No abro ma ites were found in the 
other liver function tests, and there 
were nc relatDrships between these 
abnormadfimes ir the tests and the 
duration o- the Gisease. 


COMMENT 


Subjects-in -he previous studies on 
ultrastr3etira  -hanges of hepato- 
cytes by Hirayama and Araki et al, 
and later, Masai +t al,* were restricted 
tc patiemt. wtk ALS having some 
abnormali3es ir liver function test 
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Fig 6.—Electron microscopic findings of liver biopsy specimen from 
patient with amyotrophic lateral sclerosis, showing increased numbers 


reticulum (arrows, of smooth endoplasmic reticulum (X8000). 
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Fig 7.—Electron microscopic findings of liver biopsy specimen from »atient with amyotrophic 
lateral sclerosis, showing prominent perisinusoidal fibrosis (F). H indicates hepatocyte; FB, 
fibroblast; E, erythrocyte (5600). 


Results of Liver Function Tests of 37 Patients 
With Amyotrophic Lateral Sclerosis 


Patients, 
No. (96) 


27/37 (73.0) 


Patient Characteristics 


One or more abnormal values 
Contents 
Abnormalities on bilirubin 
High values of serum bilirubin 
Abnormalities in nicotinic acid loading test 
Abnormalities on protein fraction 
Low of 6-globulin 
Low of y-globulin 
High of *-gulobulin 
High values of transaminase 
High retention rate of indocyanine green 


19/37 (51.4) 
15/37 (40.5) 
8/12 (66.7) 
12/25 (48.0) 
11/25 (44.0) 
7/25 (28.0) 
2/25 ( 8.0) 
7/37 (18.9) 
4/20 (20.0) 
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results. In the present study we have 
performed liver biopsies in a wider 
variety of unselected patients with 
ALS. It was found that ultrastructur- 
al changes of hepatocytes had 
occurred in all of the biopsy speci- 
mens, some of which showed abnor- 
mal findings microscopically without 
any relation to the liver function 
tests. These findings suggest that 
morphological abnormalities of the 
liver exist in a widespread ALS popu- 
lation. It is particularly noteworthy 
that mitochondrial abnormalities 
were found in all cases, and their 
types were similar to those of the 
previous reports)? In comparison 
pwi with the control group of liver dis- 
ig eases, this article calls attention to 
paracrystalline inclusions in giant 
mitochondria that are found in only 
2.5% of the control group but promi- 
nently in 66.7% of patients with 
ALS. 

Intramitochondrial paracrystalline 
inclusions are known to appear in 
various disorders such as halothane 
hepatitis, alcoholic liver disease, 
hyperlipoproteinemia, systemic scle- 
rosis, Wilson’s disease, porphyria, 
long-term nicotinic acid therapy, and 
cachexia.? Among our 21 patients 
with ALS, ten had a history or associ- 
ated disorders, including four with 
hypertension, two with diabetes mel- 
litus, and one each with stomach can- 
cer, gastric ulcer, appendectomy, 
renal disease, and malaria. There was 
the possibility that halothane anes- 
thesia had been used previously in one 
case during surgery for stomach can- 
cer six years earlier, but there were no 
symptoms of halothane hepatitis. 

None of our patients had histories 
of alcohol abuse; none had associated 
diseases such as porphyria, hyperlipo- 
proteinemia, systemic sclerosis, or 
Wilson's disease; and none were 
undergoing nicotinic acid therapy. 
Moreover, all of our patients were 
capable of self-feeding and were 
nutritionally in relatively good condi- 
tion; none showed cachexia. Hyper- 
tension was the most frequently 
encountered complication (four cases, 
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two of whom were receiving thiazide 
hypotensives), but there have been no 
reports of mitochondrial abnormali- 
ties following such treatment, and the 
drug treatment had been halted one 
month prior to the liver biopsy. It has 
previously been reported that para- 
crystalline inclusions are found in 
diabetes mellitus,’ but the diabetes in 
both of our cases was mild and con- 
trolled by dietary measures alone. 

Whatever the precise mechanisms 
may be, it is definite that intramito- 
chondrial paracrystalline inclusions 
frequently appear in ALS. In addition, 
mitochondrial abnormalities, such as 
the appearance of intramitochondrial 
granules, were found at a higher inci- 
dence than in the control group. Other 
apparent hepatocellular abnormali- 
ties of these patients include disor- 
ganization of lamellar structures of 
RER and increased numbers of SER, 
both of which are found in more than 
90% of the ALS patients. A possible 
explanation is that an increase in SER 
results in some RER changing into 
SER, which causes structural de- 
rangement of RER. Although an 
increase ir pigment deposition 
thought to be lipofuscin is found in 
many cases, its significance is not yet 
understood. 

Fibrosis around hepatocytes, espe- 
cially perisinusoidal fibrosis, was first 
noticed by us in this study, and was 
found in 76.2% of the ALS patients— 
notably higher than its incidence 
(42.3% ) in controls. The precise rela- 
tionship between the perisinusoidal 
fibrosis and the mitochondrial abnor- 
malities remains unknown, and fur- 
ther studies into this problem are 
necessary. 

It is of great interest that ultra- 
structural abnormalities of the liver 
occur frequently in ALS, as compared 
with a control group of liver diseases. 
Although there are no comparable 
data with other neurologic diseases, 
these abnormalities would be highly 
specific for ALS or motor neuron dis- 
eases. The significance of these abnor- 
malities is not yet been known, but the 
occurrence of these abnormalities in a 
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patient with ALS of three months’ 
duration would not suggest that these 
were secondary to amyotrophy. 

Hydropic swelling of hepatocytes in 
light microscopy suggests defects in 
the transport of bilirubin and other 
substances,’ so the possibility of 
intrahepatic metabelic abnormalities 
in ALS must be considered. 

In light of the above pathologic 
abnormalities, re-evaluation of liver 
function tests in patients with ALS 
showed only slightly abnormal values, 
but their incidence was high at 73.0%. 
All of the 37 patients tested in this 
study were able to take foods orally, 
had no deficit in their nutritional 
states, and had neither a history of 
liver diseases nor of alcoholism. It is 
therefore thought unlikely that the 
factors causing these abnormalities 
can be attributed to complications 
other than the ALS itself. In spite of 
the subtleness of these abnormalities, 
assuming that patients with Wilson’s 
disease in their early stages do not 
exhibit significant liver dysfunction, 
even these slight dysfunctions should 
not be ignored. With regard to the 
nature of the liver dysfunction, it is of 
interest that 51.4% of the ALS cases 
showed values indicating a decreased 
capacity of bilirubin transport, such 
as higher values for serum bilirubin 
and abnormalities in the nicotinic 
acid-loading test. Shinoda et al! 
described similar electron microscopi- 
cal abnormalities in liver biopsy spec- 
imens of a patient with progressive 
spinal muscular atrophy who had a 
high value of indirect bilirubin. Based 
on the fact that there is a higher 
incidence of abnormalities of bilirubin 
metabolism in ALS, and on the 
present finding of hydropic swelling 
of hepatocytes suggesting defects of 
bilirubin transport out of hepatocytes, 
it is concluded that intrahepatic met- 
abolic abnormalities may be an 
important aspect of ALS. 
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Lioresal helps relieve signs and symptoms of 
spasticity associated with spinal cord injury or disease 
and multiple sclerosis. 
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fcre, except for serious adverse reactions, the dose 
should be reduced slowly when the drug is 
discontinued. 

b. Impaired Renal Function: Because Lioresal is primarily 
excreted unchanged through the kidneys, it should be 
g'ven with caution, and it may be necessary to reduce 
the dosage. 

c. Stroke: Lioresal has not significantly benefited patients 
with stroke. These patients have also shown poor 
tolerability to the drug. 

d. Pregnancy: Lioresal has been shown to increase the 
incidence of omphaloceles (ventral hernias) in fetuses 
of rats given approximately !3 times the maximum 
dose recommended for human use. at a dose which 
caused significant reductions in food intake and weight 
gain in dams. This abnormality was not seen in mice 
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Predictability of Phenotype in Huntington's Disease 


Lindsay A. Farrer, PhD, P. Michael Conneally, PhD 


® Huntington's cisease (HD) is an auto- 
somal dominant disorder with variable 
age at onset anc variable symptoms. 
Results from an analysis of questionnaire 
daia-on aces at onset and death, sex of 
the affected parent and motor disorder in 
624 patients gave mm evidence of discrete 
pherotypes, as suggested in the litera- 
ture. The tendemcy for muscular rigidity 
(instead of chorea) an accelerated natu- 
ral history and paternal transmission, 
each-of which is eften associated with the 
juvenmile-onset form of HD, is inversely 
related to age at »nset in the affected 
child. The most parsimonious explanation 
for ciinical variaBili-cy in HD is that all HD 
types are part œ & continuum, although 
expression of the uvenile form may be 
partly determine! by a maternally trans- 
mitted factor. Evidence for accelerated 
aging in HD-and cor»elations between age 
at onset and deañ i» patients with HD and 
longevity in ther unaffected relatives 
warrant further investication into the rela- 
tionsaip betweer aging and phenotypic 
expression of HD. 

Mach Neuro! 1387;44:109-113) 


ting»on's lisease (HD) is inher- 
ited as an autosomal dominant 
trait, with considerable variation in 
phenotype and age at onset of symp- 
toms The cardma features are cho- 
rea and dementia. but there may be 
other neurologic and psychologic 
abnormalities (Table 1).'"* Variations 
in clinica] pietu»e and natural history 
have suggested taat there may be 
more than one syadrome, but this is 
controversial, as suggested by the fol- 
lowing summary. 

Dayvenpert ani Muncey’ introduced 
the coneept of tne biotype, a form of 
the disease seen m particular fami- 
lies, but this concept was rejected by 
others.’ In ancther scheme, von 
Kehrer" characcerized types accord- 
ingte some unique psychiatric, neuro- 
logic. histomcal er natural history 
feature. A simpee classification based 
on the clirical sigas and rate of pro- 
gression has aise been proposed.” 
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More recently, Stevens? divided 
patients with HD into those with or 
without rigidity. 

At least two major clinical variants 
of HD are now recognized. The rigid 
form in adults was characterized by 
Hamilton” in 1908, although the des- 
ignation of the eponym Westphal com- 
memorates his 1883 description of an 
18-year-old rigid patient.” Technical- 
ly, the term Westphal is inappropriate 
because it does not denote a specific 
distinctive nonoverlapping form of 
the disease.' Patients with rigid HD 
have been described as having “a 
masklike face, muscular rigidity, per- 
haps contractures, salivation and fes- 
tinating gait,’” features not common- 
ly found in the adult choreic form. 
They may also display increased mus- 
cle tone, corticospinal tract signs, dys- 
tonia of the jaw and neck, and central 
facial paresis.* Mental deterioration 
in these patients is analagous to that 
seen in the nonrigid form.” Bracken- 
ridge reported trends of earlier onset” 
and decreasing paternal and increas- 
ing maternal ages" among rigid 
cases. 

The other recognized variant is the 
juvenile form, which, by convention, 
denotes onset of symptoms before age 
20 years. Since the first description,” 
there have been more than 175 arti- 
cles about the juvenile form, predomi- 
nantly single case reports.' Merritt et 
al? recognized two clinical patterns 
among juvenile patients, the typical 
form with symptoms similar to those 
of adults and the atypical form with 
rapidly progressive  hypertonicity, 
rigidity, intellectual deterioration, 
seizures, and cerebellar disorder. 
They noted that the father is the 
affected parent at least four times 
more often than the mother. Cerebel- 
lar signs are rare in HD overall but 
are seen in about 50% of childhood 
cases." In one series," dyslalia was 
the most common presenting symp- 
tom of 20 juvenile cases. The atypical 
syndrome is more prevalent in cases 
starting before age 15 years.” 

A maternally transmitted element 
has been postulated to account for 
excess paternal transmission in juve- 
nile-onset cases?” and for an overall 
delay in onset among offspring of 
affected mothers.* The biologic 
nature of this protection factor has 
not been determined but might 
involve mitochondrial DNA." 

The usual onset of HD in midlife 
has been attributed to interaction of 


the HD gene with normal age changes 
in the basal ganglia.” The presumed 
aging changes might be under genetic 
control, as seen in inbred mice.” The 
initial disorder or acce erated loss of 
neurons could be progremmed geneti- 
cally in each carrier of the HD gene. 
In other words, heterozygotes who 
have "superior" aging genes would 
show symptoms later in life. In a 
study of longevity, Farrer et al* eval- 
uated 214 families wita normal and 
affected individuals. The correlation 
coefficients (r) between mean ages at 
onset and death in affected individu- 
als and mean age at ceath in their 
normal siblings were .54 and .52, re- 
spectively. The correlation for age at 
death in the affected parent and mean 
age at death in the normal offspring 
was .57. Because the expected correla- 
tion between first-degree relatives for 
a polygenic trait is .5,? rnodification of 
the HD locus by a set of ndependently 
inherited "aging" genes might ac- 
count for these correlat_ons.***! 

The purpose of this study was to 
identify factors that may be useful for 
predicting clinical expression of HD 
and to evaluate nosologizal criteria as 
defined in the literature. 


SUBJECTS AND METHODS 
Source of Data and Subjects 


Clinical data were obtained from two 
comprehensive questionnaires for affected 
individuals (AQ) that were sent to all 
participants of the Resea-ch Roster for 
Huntington Disease Patients and Fami- 
lies? who have had an affected parent, 
child, or sibling. All families located in 
North America are eligible to join the 
roster, although each is carefuily screened 
for at least one reliable diagnosis of HD. 
These questionnaire data taat were ascer- 
tained from living first-degree relatives 
were supplemented by med cal and genea- 
logical records kept by the roster. Age at 
onset and sex of affected parent was con- 
firmed for 569 of 624 affected probands; 
the remaining cases were excluded from 
the analysis. 


Clinical History 


Age at onset and duration of illness were 
carefully estimated using criteria de- 
scribed in a previous report. The two 
types of movement abnormalities associ- 
ated with HD, chorea and rigidity, were 
explicitly defined in the questionnaire (Fig 
1). This scheme allowed for ascertainment 
of patients who displayed no movement 
disorder as those who may have had both 
chorea and rigidity simultaneously or at 
different periods during their illness. Ros- 
ter medical records were further examined 
for the 45 patients reported as rigid; 22 
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Table 1.—Summary of 
Clinical Findings in 
Huntington’s Disease 


Symptom 
Neurologic 
Chorea! 
Hypertonicity ' 
Hypertonicity with pyramidal 
signs only? 
Rigidity (with or without 
spasticity)! 
Dysarthria! 
Dysphagia® 
Disturbance of gait 
Oculomotor dysfunction5 
Fixation 
Saccades 
Pursuit 
Epileptic seizures 
Adults 
Children 
Incontinence! 
Impaired postural reflex" 
Psychologic 
Dementia (including memory 
loss)8:9 
Affective disturbance '? 
Personality change 
Overall' 
Resulting in child abuse! 
Resulting in divorce! 
Psychologic syndromes 
All12 
Schizophrenia !? 
General 
Weight loss?:!4 
Premature aging"? 





were verified as rigid by neurologic exami- 
nation, but 15 were found to have had 
chorea. The unverified rigid cases were 
excluded from the analysis of phenotype. 


Statistical Analysis 


Subjects were grouped into one of seven 


types (juvenile choreic, juvenile rigid, 


adult classical, Westphal variant, terminal 
rigid, decreasing choreic, and behavioral) 
based on the responses concerning the 
presence or absence, approximate time of 
appearance relative to onset of HD, and 
increase or decrease of involuntary move- 
ments. These varieties of HD were selected 
a priori because each has been described in 
the literature as a discrete clinical enti- 
ty." Hence, one of the purposes of the 
analysis was to validate these nosological 
entities. Terminal rigid and decreasing 
choreic subjects are adult patients whose 
abnormal movements become rigid or 
cease altogether, respectively, in the later 
stages of their illness. Patients who were 
reported to have had no motoric abnormal- 
ity were assigned to the behavioral HD 
class. 

Information on ages at onset and death, 
duration of illness, sex, sex of affected 
parent, and type of first HD symptoms 
(physical or behavioral) obtained from the 
AQ was used to characterize the patients 
according to type of HD. Class means for 
ages at onset, age at death, and duration 
were compared by Student's t test, and sex 
ratios were evaluated by a x? goodness- 
of-fit test. Correlation and multiple regres- 
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Onset of Symptoms of Huntington's disease 


At what age did symptoms first appear? 


The first symptoms of Huntington's disease in the patient were: 


Diagnosis of Huntington's disease 


physical signs 
mental and/or emotional signs 
both of the above 


—— 


do not know 


— 


Has the diagrosis of Huntington's disease been made by a physician? 


Yes No Do not know 


If yes, what was the age of the patient (or date) when Huntington's disease was œagnosed? 


Movement Abncrmalities 


There are two types of movement abnormalities associated with Huntington's disease: chorea and 
rigidity. Corea, more commonly observed, usually first appears in the patient as involuntary tics or 
jerklike spasms. As the disease progresses, the choreic movements may intensify until the patient can 
no longer control any voluntary movements including facial expression. Rigidity, which is much less 
common, is almost the opposite of chorea and appears as generalized muscle stiffress and slight tremors 


in one or more parts of the body. 


In the following table please put an "x 


in the appropriate column for each type of movement 


problem to indicate if the sign appeared in the patient. If the sign appeared, please mark the column 
to indicate ^ow long after onset it appeared and whether it became more or less severe or disappeared 


with time. 


Movement | | ! 


. No | Gc not | Within 
Know l 


Abnormal i ty 


Medication for Huntington's disease 


12-85 | 6-10 | 10 


| Number of Years After Onset | f 


fter | Increased ! Decreased | Disappeared 


Has the patient taken medication for Huntington's disease? 


Yes No Do ^ot know 


If yes, please give the name or types of all medication the patient has taken ^or Huntington's 
disease. Include beth prescription and nonprescription drugs. Indicate how long each medication has 


been taken by using one of the following codes. 


If the medication is being taken at tne present time, 


put an "x" im the next column of the table. Give dosage per day of each medication listed. 


l Less than l month 
2 One month to 1 year 


Name of Medication | 





3 More than 1 yeor 
DK Do not know 


Fig 1.—Subset of questionnaire items illiciting responses about natural history of Huntington's 


disease. 


sion techniques were utilized to investigate 
relationships among variables. In the 
regression analyses, discrete traits, name- 
ly sex, sex of affected parent, type of first 
HD symptoms, and motoric abnormality, 
were coded as bivariate values (1 or 2). 


RESULTS 


Thirty-nine of the 624 AQ cases 
could not be classified (Table 2). More 
than 95% of all cases of HD started in 
adults, and 98.5% of the adults had 
chorea. Patients who were rigid and 
not choreie (ie, juvenile rigid and 
Westphal rigid) constituted 3.8% of 
the sample (comparable to Hayden's! 
estimate of 5%). There were no 
patients who had chorea without 
dementia, although at least two such 
cases have been documented in the 
literature.“ 

Juvenile-onset subjects with chorea 
had onset 4.6 years later (t, = 2.78, 


P<.01), died 15.4 years later 
(t, = 4.73, P < .001), and lived 9.5 years 
longer (t,= 2.52, P<.05) than did 
juvenile-onset subjects with rigidity 
(Table 3). The lower the age at onset, 
the greater the tendency for the invol- 
untary movements to be rigid (7 = .56, 
P < .002) and for the affected parent 
to be the father (7 = .35, P « .07). 
Using multiple regression, with age at 
onset and sex of affected parent as 
independent variables, the type of 
movement disorder (chorea or rigidi- 
ty) was predicted correctly for 89.3% 
of the juvenile-onset cases. Also a 
linear combination of age at onset, 
type of first symptoms, and move- 


ment disorder was found to best pre- 


dict duration among juvenile-onset 
cases, as follows: 


Y = 12.27 + 0.47X, + 5.78X, — 6.92X, 
(F = .54) 
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Tabie 2.—F-equency of Huntington's Disease Variants 


No. (%) 
of Cases 
14 (2.4) 
14 (2.4) 
480 (82.0) 
37 (6.3) 


Variant 
Juvenile chorei- 
Juvenile rigid 
Adult c=ssic 

chc-ee& 


No. by Sex 
of Affected Parent 
(Father:Mother) 


No. by Sex 


Table 5. —Age at Onset, Age at Death, and Duration by HD Variant" 


Age at Onset, y 


Mean 


Total 





Age at Death, y Duration, y 


*HD inckeates F-an$tngten's disease. Variants are ordered according to mean age at onset. 


where Y is predicted duration, X, is 
age at omset, Z, s type of Hirst symp- 
toms (1 = physical and 2 = psycholog- 
id, and X, Ss movement disorder 
(1 = chorea amd 2 = rigidity). 

Among adu t-enset variants, there 
was no predilx-teon for sex or sex of 
affected parert, with one exception; 
all four »ehav:oral-symptom subjects 
had afeeted mothers (x? = 4.00, 
P < .05). Thee with diminishing 
choreic movements in th2 terminal 
stages were more likely to become 
affected and dee ater than those with 
persistent cherea (t,= 2.79, P<.01 
and i, = 1.00, F < .01), terminal rigidi- 
ty (t, =2.51, P< 02 and t, = 3.66, 
P< 001, or the Westphal variant 
(=312 P<0l and f,-3.00, 
P « 01). The mean age az onset for 
Westphal rigie subjects wzs less than 
the cormespomliag mean for classic 
chorea but not statistically signifi- 
cant, probably because of the small 
sample of rigic subjects. Figure 2 
clearly shews tkat rigidity is associ- 
ated wita early enset. 

Duration did not differ significant- 
ly amorg adult variants. However, 
children with rmicity had a signifi- 
cantly herte- duration than other 
juvenile- or acult-onset patients. 


SOMMENT 
Procncstic Factors 


Brackenridge examined the rela- 
tionships between clinical features of 
HD and other factors, including ini- 
tial symptoms and line of transmis- 
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sion,” sex-related factors,* birth 
order," and parental factors.“ Ages 
at onset and death, but not duration, 
were each significantly affected by 
order of appearance of neurologic and 
psychiatric symptoms, type of move- 
ment disorder, sex, and sex of affected 
parent.” However, we did not find any 
relationship between sex and neuro- 
logic signs and any of the natural 
history variables among adult-onset 
cases. In addition, the correlation 
between type of initial symptoms and 
age at onset was low (r=.14, 
P « .05). 

In at least one situation, however, 
age at onset may predict clinical con- 
sequences. The prognosis of juvenile- 
onset disease is much worse than for 
cases of HD starting in adults. Among 
juvenile-onset subjects, if the affected 
parent is male and if symptoms begin 
before age 15 years, the child will 
probably have rigidity. That illness 
typically progresses twice as fast as 
choreic HD in children or adults. The 
findings of van Dijk et al? who 
recently examined 195 case reports in 
the literature of juvenile HD, are 
remarkably similar to those of our 
study. Although their sample of juve- 
nile cases is about seven times larger 
than ours, ascertainment of age at 
onset through literature reports is 
often unreliable.**! Contrary to earli- 
er findings," we found no linear 
increase in the sex ratio with later age 
at onset among all juvenile subjects or 
rigid children alone. 
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A useful set of predictors for dura- 
tion among juvenile subjects included 
age at onset, movement disorder, and 
type of first symptom (see above 
equation) Age at appearance of 
dementia is sometimes thought to be a 
powerful prognostic indicator in 
childhood,” but we did not consider 
this factor because it is difficult to 
accurately quantitate.’ It is most like- 
ly that sex of the affected parent was 
not selected into this equation because 
of its correlation with the variables 
that were selected. The correlation 
between age at onset and sex of affect- 
ed parent has been accounted for by 
maternally transmitted factors,?* 
but the relationship of these variables 
to movement disorder and type of 
first symptoms has not yet been 
explained. 


Expression of HD Is a Continuum 


One goal of this study was to evalu- 
ate features that may be useful for 
classifying HD phenotypes. Clinically, 
many of the proposed variants are 
distinguished by a single characteris- 
tic, such as age at onset, duration, or 
presence of rigidity. However, differ- 
ent variants have been observed in the 
same family, and, except for excess 
paternal transmission among chil- 
dren, no unique patterns of inheri- 
tance for these types are currently 
recognized. 

Factor analysis has been used to 
study the relationship among age at 
onset, rigidity, and affected parental 
sex.» When age at onset was held 
constant in a multiple regression 
using rotated factor scores, the par- 
tial regression between rigidity and 
affected parental sex was not signifi- 
cant, altheugh juvenile-onset subjects 
with rigidity were more likely than 
juvenile-onset subjects with chorea to 
have an affected father. On the other 
hand, both juvenile and Westphal 
variants have been considered a more 
severe manifestation of the disor- 
der,"* and as our study and oth- 
ers”? indicate, the prognosis is even 
worse for patients who express both 
rigidity and juvenile onset. Although 
more than one perscn in a single 
family may have the adult rigid vari- 
ant,?2*5555 the juvenile form," or 
both, there has been no systematic 
study of intrafamilial occurrence of 
the juvenile and adult rigid variants. 

Folstein et al* proposed phenotypic 
heterogeneity with respect to age at 
onset, parental transmission, and 
onset and severity of psychiatric man- 
ifestations based on their findings in 
two large racially and socially distinct 
kindreds with HD. Among the possi- 
ble genetic explanations they consid- 
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er, there is yet no evidence for more 
than one HD locus? or for linked 
modifiers.“ Because clinical variation 
between families exceeds that within 
families, Folstein and her colleagues” 
conclude that it is also unlikely that 
variable expression of a single domi- 
nant gene accounts for all of the 
observed phenomena. 

One of the most striking findings in 
our survey is a dichotomy in age at 
onset among both juvenile- and adult- 
onset subjects with and without rigid- 
ity. Other than mean age at onset and 
predominant motoral abnormality, 
however, there are no distinguishing 
features for any of the adult-onset 
phenotype classes. It appears that 
many of the so-called HD variants are 
recognized as nosological entities as a 
result of persistent anecdotal report- 
ing. The distinction between adult- 
onset patients whose choreic move- 
ments become more parkinsonianlike 
or cease altogether and the classic HD 
cases may be artifactual, considering 
the recognized side effects of drug 
therapy (eg, neuroleptics)! In our 
sample, virtually all choreic patients 
were medicated with antidopaminer- 
gic agents for at least one year. 

On the contrary, the gaussian prop- 
erties of age at onset®*® and evolution 
toward the rigid state in most 
patients suggest that all HD classes 
are part of a continuum of expression 
of a single genetic defect, although 
expression of the juvenile form may 
be partly determined by the absence 
of a maternally transmitted factor, 
which promotes delayed onset.***’ The 
notion of a continuum is consistent 
with the finding that chorea and 
rigidity and/or spasticity commonly 
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occur in tandem in patients with HD.' 
This idea is also supported by evi- 
dence that affected siblings of juve- 
nile-onset patients have a significant- 
ly reduced mean age at onset? and 
that late-onset patients tend to have 
mild and slow progressing symp- 
toms.*** 

Thus, the relevant question is which 
factor or set of factors is responsible 
for marked variability in an autoso- 
mal dominant disorder? The possible 
mechanisms are numerous, including 
genetic modifiers, environmental 
agents, and models incorporating 
both genetic and nongenetic determi- 
nants. If any single description fits all 
patients, it might be “generalized pre- 
mature aging." Affected persons, 
even early in the disease, appear much 
older than their chronological age. 
The implication that normal longevity 
is a major determinant for age at 
onset" suggests that perhaps aging- 
related factors are involved in the 
overall expression of HD. 

The criteria enumerated by Mar- 
tin,” who selected 19 pathophysiologic 
aging traits and matched genetic con- 
ditions that are clinically compatible 
with those items, provide useful 
insights for exploring the relationship 
between aging and HD. Many of these 
aging stigmata have been associated 
with HD, including dementia and 
degenerative  neuropathologic dis- 
ease,” possible defect in stem cell pro- 
liferation,” diabetes mellitus,*” vari- 
ations in amount of adipose tis- 
sue,'*”!-”? premature graying or loss of 
hair, and marked lipofuscin deposi- 
tion in cortical biopsy specimens or 
postmortem histopathologic speci- 
mens." Excessive degeneration in 


body organs’ and abnormalities of 
homovanillic acid (HVA) metabo- 
lism”™”’ in affected persons are two 
additional pathogenic findings that 
exemplify accelerated aging in HD. 

How might a normal aging-related 
system determine expression of HD? 
Severson et al? suggested that the 
relative mildness of symptoms in late- 
onset patients results from reduction 
of positive dopamine imbalance (asso- 
ciated with the primary striatal lesion 
in HD) through normal age-related 
reductions of nigrostriatal dopamine 
functions. Neuropathologic evaluation 
of two such cases revealed less severe 
neuronal atrophy than for midlife 
onset.5 Stahl et al” measured dopa- 
mine metabolite HVA in cerebrospi- 
nal fluid in 37 male controls and 12 
men with HD. Baseline cerebrospinal 
fluid HVA concentrations correlated 
positively with age in the control 
group but were reduced in patients 
with HD. The finding of a correlation 
between cerebrospinal fiuid HVA con- 
centration and severity of dementia 
and duration of illness among 
patients with HD led these authors to 
suggest that dementia in HD and nor- 
mal aging is associated with changes 
in dopamine metabolism. 

Clearly, there is much work to be 
done in this area. Comparative studies 
of biomarkers of aging between HD- 
affected and age- and sex-matched 
unaffected relatives as well as anala- 
gous cross-sectional studies among 
patients with other neurodegenera- 
tive disorders may provide additional 
clues. Because the sex of the affected 
parent has a moderate influence on 
age at onset and apparently deter- 
mines relative age at onset and type of 
motorial involvement within the juve- 
nile HD group, it is reasonable to 
speculate that there may exist partic- 
ular genes or environmental factors 
that exert a disproportional effect on 
clinical expression of HD. 


This study was supported in part by contract 
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Controversies in Neurology 


Antifibrinolyties in 


Aneurysmal Subarachnoid Hemorrhage 


Do They Have a Role? Maybe 


Harold P. Adams, Jr, MD 


Recurrent bleeding is a major, large- 

ly fatal, complication occurring 
primarily during the first two weeks 
after aneurysmal subarachnoid hem- 
orrhage (SAH). Among patients who 
were initially in good condition, 
rebleeding is the leading cause of 
death after SAH.' The prognosis of an 
alert patient who has a second hemor- 
rhage declines to that of a patient who 
is comatose after a single SAH? 
Approximately two thirds of the 
patients who have rebleeding die. 
Rebleeding occurs within two weeks 
of SAH in 20% of patients.’ It peaks 
during the first 24 hours of SAH, 
when it reaches 8% to 10%.‘ In the 
next ten days, this complication 
occurs at a daily rate of approximate- 
ly 2%. For the remainder of the first 
month after SAH, recurrent hemor- 
rhage occurs at a rate of 0.5% per 
day. 

There is no specific treatment to 
reverse the effects of rebleeding; pre- 
vention is the only possible therapy. 
Prolonged bed rest, supportive medi- 
cal care, and drug-induced hypoten- 
sion do not reduce the risks of early 
rebleeding.** Operative clipping of the 
aneurysm is the best method to pre- 
vent rebleeding, but the optimal time 
for surgery is not known. Not all 
patients with recent SAH will be can- 
didates for early surgery. Early medi- 
cal measures to prevent rebleeding, 
while allowing the patient to stabilize 
for surgery, remain critical. Antifibri- 
nolytic therapy is presently the only 
medical modality that shows any 
promise in the prevention of rebleed- 
ing. 
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The fibrinolytic activity of cerebro- 
spinal fluid (CSF) rises after SAH.” 
This activity may hasten dissolution 
of the perianeurysmal clot that forms 
at the time of SAH. This clot could 
support the wall of the aneurysm and 
reduce the risk of recurrent rupture. 
Antifibrinolytic drugs theoretically 
prolong the presence of the perianeu- 
rysmal clot and thus lower the risk of 
early rebleeding.’ 

Effective blood levels of aminocap- 
roic acid are approximately 130 ug/ 
mL. If this drug is administered as a 
continuous intravenous infusion with- 
out a loading dose, a steady state in 
blood will not be achieved until 24 to 
36 hours later. When aminocaproic 
acid is administered as an intravenous 
bolus, effective antifibrinolytic effects 
are very rapid. Antifibrinolytic drugs 
rarely penetrate the blood-brain bar- 
rier; they are detectable in CSF within 
30 minutes of intravenous administra- 
tion, and CSF levels are therapeutic 
within 24 to 36 hours of initiation of 
treatment.’ This lag might be short- 
ened if an intravenous infusion is pre- 
ceded by a loading bolus dose. 

For more than 25 years, antifibrino- 
lytic drugs have been used in patients 
with recent SAH to reduce the likeli- 
hood of rebleeding. Despite numerous 
controlled and uncontrolled studies, 
this therapy remains controversial.'? 
Much of the controversy has been 
generated by methodological prob- 
lems inherent in the previous 
studies." Two recent reports have 
answered several questions, but they 
have raised new questions.*" 

Vermeulen et al? performed a mul- 
ticenter randomized double-blind tri- 
al comparing the use of tranexamic 
acid and placebo in 479 patients. All 
patients were treated within 72 hours 
of SAH, but only 285 patients had 
arteriographie evidence of an aneu- 





rysm. Mortality was 28% among 130 
patients with aneurysms who were 
receiving tranexamic acid and was 
382% among 155 patients receiving 
placebo. Among all patients, rebleed- 
ing occurred in 9% of the patients who 
were receiving tranexamic acid and in 
24% of those receiving placebo. The 
frequency of rebleeding was similar 
during the first two to three days and 
thereafter was much less common 
among treated patients. 

Recently, investigators involved in 
the cooperative aneurysm study re- 
ported similar results.‘ They treated 
672 patients within three days of a 
single SAH due to a ruptured aneu- 
rysm. Antifibrinolytie drugs (either 
aminocaproic acid or tranexamic acid) 
were administered to 467 patients and 
205 received other medical therapies. 
While this was not a randomized or 
blind trial, the populations of patients 
in both groups were comparable. 
Rebleeding within 14 days after SAH 
occurred in 11.7% of patients treated 
with antifibrinolytic drugs and in 
19.4% of the patients receiving other 
therapies. An effect in reduction of 
rebleeding caused by antifibrinolytic 
drugs was not seen during the first 
two to three days of treatment. 

Based on the results of these two 
large studies, we can conclude that 
the administration of antifibrinolytic 
drugs significantly reduces the risk of 
recurrent hemorrhage in the period 
after SAH. There appears to be a lag 
in therapeutic response. Unfortunate- 
ly, this delay of approximately 36 to 48 
hours corresponds to the period of 
highest risk for rebleeding. A loading 
dose of drug has not been routinely 
administered; as a result, blood and 
CSF levels have not responded thera- 
peutically until several hours after 
initiation of treatment. This may par- 
tially explain the delay in therapeutic 


Antifibrino'ytics — Adams 


E 


response to snifibrinolytic therapy. 


A loading bolus ef 5 g of aminocaproic 
acid follewed »ya continuous intrave- 
nous infusion atan hourly rate of 1 to 
15 g is commonly prescribed for 
patients with urinary tract bleeding. 
A similar regimen might prevent ear- 
ly rebleeding n aneurysmal cases. If 
this regimen mecuces the early risk of 
rebleeding, then the efficacy of antifi- 
brinolytie therapy might be enhanced. 
Further evaluation of this regimen is 
needed. Careful monitoring of blood 
or CSF leves of drugs may also 
improve tae management of patients 
receiving antfi»rinolytie drugs. At 
present, a bloed level of 130 ug/mL of 
aminocappoic acd is the goal. 

However, despite lowering the risk 
of rebleeding, artifibrinolytic therapy 
does not reduce mortality after 
SAH.*'" While mortality due to recur- 
rent bleeding is reduced with antifi- 
brinolytz the-apy, it is offset by an 
increase im ceaths due to ischemic 
complications of SAH. In the Dutch- 
British trial, £15 of the deaths in the 
placebo grow» were secondary to 
rebleeding and 27% were due to cere- 
bral imfarctwr.'’* Among treated 
patients. 23% o: the deaths were the 
result of rebleed ng and 45% were due 
to ischemia. Similar results were 
reported by Kassell et al.* 

The risk of cerebral ischemia after 
SAH appear to be increased by 
the adm:ristratoon of antifibrinolytic 
drugs. In the cooperative aneurysm 
study, the investigators noted isch- 
emic neurologic deficits in 32.4% of 
treated patierts.and in 22.7% of those 
not receiving aatifibrinolytic drugs.* 
Both reeent reoorts documented a 
comparable rete of cerebral ischemia 
in treated anc uatreated patients dur- 
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ing the first week after SAH; thereaf- 
ter, the rate escalated among those 
receiving  antifibrinolytic drugs.*” 
This is the time period when cerebral 
vasospasm is most intense. Antifibri- 
nolytic drugs promote vasospasm by 
slowing the removal of blood clots 
from the subarachnoid space. In addi- 
tion, antifibrinolytic agents may pro- 
mote intravascular sludging, de novo 
arterial thrombosis, or embolism.‘ 
The cause of ischemia in patients 
receiving antifibrinolytic drugs is not 
known. Antifibrinolytic therapy also 
prevents early rebleeding in critically 
ill patients, thereby leaving them at 
risk for vasospasm and infarction. 
Calcium  channel-blocking drugs 
may prevent vasospasm.” If these 
drugs prove to be effective, then a 
therapeutic trial combining calcium 
channel-blocking drugs and antifibri- 
nolytic drugs might be indicated. 
Dehydration and hypotension will 
inevitably compound the hemodynam- 
ic effects of vasospasm. Volume deple- 
tion could be extremely hazardous ina 
patient receiving  antifibrinolytic 
drugs. Patients should receive ade- 
quate amounts of fluids. An intake of 
at least 2000 to 2500 mL/d is warran- 
ted. Drug-induced hypotension not 
only fails to reduce the risk of rebleed- 
ing, it also multiplies the risk of isch- 
emia. Antihypertensive drugs should 
be administered in combination with 
antifibrinolytic drugs only with cau- 
tion. Antifibrinolytic therapy should 
be discontinued if ischemic neurologic 
symptoms appear. Medical measures 
can reverse vasospasm-induced cere- 


bral ischemia.^ These measures 
should be investigated further. 
Antifibrinolytic therapy is not 


accompanied by a large number of 
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other complications. It does aggravate 
the problem of chronic hydrocepha- 
lus.*^ The risks of myocardial infarc- 
tion, deep-vein thrombosis, or pulmo- 
nary embolism after SAH are not 
increased by the administration of 
antifibrinolytie drugs.*'^5 Qualitative 
platelet defects may accompany large 
doses of aminocaproie acid." Resul- 
tant bleeding disorders appear to be 
uncommon.**^ A myopathy can com- 
plicate long-term (more than three 
weeks) administration of aminocapro- 
ic acid. * The potentia! for these com- 
plications should not be a contraindi- 
cation for the use of antifibrinelytic 
therapy in a patient with SAH. 

Despite its potentiation of ischemic 
sequelae of SAH, antifibrinelytic 
therapy remains an important medi- 
cal treatment, largely because no oth- 
er medical therapy is as effective in 
preventing rebleeding. Antifibrinolyt- 
ic drugs should be administered only 
to those patients with aneurysmal 
SAH who are seen within seven days 
of the ictus. If patients are initially 
seen later than one week after SAH, 
the lowered risk of rebleeding does 
not justify antifibrinolytic therapy. A 
bolus of 5 g of aminocaproic acid 
followed by an hourly infusion of 1 to 
1.5 g should be administered for ten to 
14 days or until operation. The effica- 
cy of this regimen needs further 
study. The therapy should be discon- 
tinued if ischemic neurologic symp- 
toms appear. More data are needed 
regarding the concomitant adminis- 
tration of antifibrinolytic drugs and 
calcium channel-blocking agents..Oth- 
er medical measures to reduce the 
early rebleeding after SAH need to be 
developed. 
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Antifibrinolyties in Subarachnoid Hemorrhage 


Do They Have a Role? No 


Bryce Weir, MDCM, MSc, FRCS(C) 


n the mid 1960s, Mullan and Daw- 

ley,' in the course of experimental 
work, noted that electrically induced 
thrombi in the femoral artery of dogs, 
which were normally of short dura- 
tion, could be made to last longer 
when the antifibrinolytic agent e-ami- 
nocaproic acid was administered. This 
observation induced them to use the 
same agent in an attempt to prevent 
recurrent hemorrhage in patients who 
had recently suffered subarachnoid 
hemorrhage from ruptured aneu- 
rysms. In 1965, Norlén and Thulin’ 
had found the same agent to be of 
value during the surgery on two cases 
of arteriovenous malformations. This 
also had led them to employ antifibri- 
nolytic agents in the management of 
ruptured saccular aneurysms, virtual- 
ly simultaneously with Mullan and 
Dawley. The reasoning in both inves- 
tigations was similar. If the dissolu- 
tion of the hemostatic clot at the site 
of rupture could be delayed, the defin- 
itive operative procedure for the 
repair of the aneurysm could also be 
put off to a more favorable time, when 
the postoperative mortality and mor- 
bidity were assumed to be less. 

The use of antifibrinolytic agents 
became rapidly widespread. Their 
adoption, however, was not preceded 
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by a rigorous demonstration of overall 
efficacy and safety. 

An influential early study was per- 
formed under the aegis of the cooper- 
ative study on aneurysms.’ At 13 insti- 
tutions, 502 patients were treated 
with antifibrinolytie medication with- 
in a 14-day period after rupture of an 
intracranial aneurysm. Two weeks 
after the initial hemorrhage, the mor- 
tality rate was 11.6% and the proved 
rebleeding rate was 12.7%. In an ear- 
lier investigation, patients allocated 
to regulated bed rest within seven 
days after the last bleeding experi- 
enced both mortality and rebleeding 
rates of 20.9% at 14 days. These over- 
all mortality and rebleeding rates 
were significantly higher in the bed 
rest-treated patients than in those 
who received antifibrinolytic therapy. 
In addition, those who, in a previous 
study, had been allocated to drug- 
induced hypotension experienced 
21.7% mortality and 16.9% proved 
rebleeding rates within the 14-day 
interval. This demonstrated to the 
satisfaction of most neurologists and 
neurosurgeons that rebleeding rates 
were, in fact, favorably influenced by 
the use of antifibrinolytic agents. The 
difficulties introduced by the use of 
historic controls were largely over- 
looked, and the assumption was made 
that if rebleeding rates had been low- 
ered, so, too, must overall manage- 
ment mortality rates have been. Data 
on antifibrinolytic therapy used in 
1114 patients who had aneurysmal 
subarachnoid hemorrhage treated at 
13 institutions in the cooperative 


study were subsequently published by 
Adams et al.* Patients whose treat- 
ment was started within one week 
after the bleeding episode received 
antifibrinolytic therapy, which was 
continued until 14 days after the ictus. 
Rebleeding occurred in 10% of the 
treated patients. The overall mortali- 
ty rate among the treated patients 
during the two weeks after hemor- 
rhage was 10.7%. It was concluded 
that antifibrinolytic therapy was a 
useful modality in the preoperative 
care of patients with subarachnoid 
hemorrhage resulting ‘from aneu- 
rysms. It was considered that the 
rebleeding rate was halved among 
patients treated with these agents 
compared with patients treated with 
bed rest alone. In the two-week treat- 
ment interval after the hemorrhage, 
approximately one third of the 
patients worsened neurologically 
and/or died. This deterioration was 
more common in patients who were 
initially in poor condition. 

During the 1970s, further studies on 
the efficacy and safety of antifibrino- 
lytie agents were conducted. Ramirez- 
Lassepas| reviewed 25 of these 
studies. In 12, which were uncon- 
trolled, it was reported, with only one 
exception, that there was a reduced 
incidence of rebleeding. Ramirez-Las- 
sepas assessed 13 controlled studies 
and found that nine were randomized 
and three were also double-blind. A 
decrease in rebleeding was reported in 
seven of the controlled studies, but a 
decrease in mortality was only dem- 
onstrated in four; three showed no 


Antifibrinolytics — Weir 


effect; amd three reported a higher 
incidence of rebleeding in treated 
patients. Despite the discrepancies 
due to the inherent complexity of this 
clinical process, and to flaws in the 
methodology of some-of the studies, it 
was nevertheless concluded that the 
data failed to demonstrate that the 
antifibrimolytic therapy altered the 
overall ratural history of the dis- 
ease. 

Fodstad* accumulated a series of 
105 patients in randomized, controlled 
clinical trials. Fifty-three patients 
were treated with tranexamic acid, 
and 52 served as controls. Thirteen 
percent of the treated patients and 
31% of the eontrol group had rebleed- 
ing. In patients treated with the anti- 
fibrinolyte agent, the recurrent 
bleedings teok place later than the 
rebleedings in the control group. 
Delayed ischemic deficits attributed 
te vasospasm were seen more fre- 
quently im the patients treated with 
the antifbrinolytic agent. The total 
mortality rate from rebleeding and 
cerebral isehemia was 25% in the 
treated patients and 19% in the con- 
trols durmg six weeks of observation. 
It was concluded that the antifibrino- 
lytic agert appeared to reduce the risk 
of recurrent bleeding only during the 
first ten-day period after the primary 
aneurysmal rupture. However, tra- 
nexamic acid also seemed to produce 
delayed cerebral ischemia in this 
patient pepulation. 

In an analysis cf subarachnoid 
hemorrhage with normal cerebral 
panangiography, Béguelin and Seiler’ 
treated 13 patients with tranexamic 
acid, while 29 patients received no 
antifibrinolytic therapy. Thirty-eight 
percent cf the treated patients died 
from presumed ischemic complica- 
tions caused by vasaspasm, whereas 
none of the untreated patients suc- 
cumbed. 

In a mere recent international coop- 
erative study on the timing of aneu- 
rysm surgery, Kassell et al* assessed 
672 patients. Those receiving antifi- 
brinolytic therapy had a significantly 
lower rebteeding rate but higher rates 
of ischensic deficits and hydrocepha- 
lus. The net result Gemonstrated no 
difference in mortality in the first 
month following the initial bleeding. 
The patients were studied between 
1980 and 1982. Sixty-eight neurosurgi- 
cal centers participated. More than 
75% of patients in both groups were 
admitted within one day of the hem- 
orrhage. Although the antifibrinolyt- 
ic and the nonantifibrinolytic groups 
were not selected randomly, they were 
remarkaliy similar with respect to 
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prognostic factors for death and 
rebleeding. The mortality rate at 14 
days for the antifibrinolytic group 
was 13.2%, and at 30 days it was 
22.3%. For the nonantifibrinolytic 
group, the mortality rates were 13% 
and 20%, respectively. In the un- 
treated group, the estimated cause of 
death at one month was rebleeding in 
45% and vasospasm in 24%. Paradox- 
ically, the situation was almost identi- 
cally reversed in those who were 
treated with antifibrinolytic agents 
(24% and 42% ). The 14-day rebleeding 
rate was 11.7% for those treated with 
antifibrinolytics, which was almost 
identical to the rate for the earlier 
cooperative study. 

In 1984, Vermeulen et al’ reported 
on the results of a multicenter, ran- 
domized, double-blind, placebo-con- 
trolled trial of the antifibrinolytic 
agent tranexamic acid in 479 patients 
with subarachnoid hemorrhage. 
There was no significant difference in 
outcome in the treated and control 
groups three months after the hemor- 
rhage. When the analysis was 
restricted to the 285 patients with 
angiographically demonstrated aneu- 
rysm, there was still no significant 
difference between the groups. The 
absence of an overall beneficial effect 
was not due to the lack of antifibrino- 
lytic activity, because the rate of 
rebleeding was reduced from 24% in 
the control group to 9% in the tranex- 
amic acid-treated group. This was a 
highly significant difference. Sadly, 
as had been intimated from earlier 
studies, there was a concurrent 
increase in the incidence of ischemic 
complications: it increased from 15% 
in the control group to 24% in the 
treated group. The conclusion was 
that until some method could be found 
to minimize ischemic complications, 
tranexamic acid was of no benefit in 
patients with subarachnoid hemor- 
rhage. The three-month outcomes for 
130 tranexamic acid-treated cases of 
aneurysm were as follows: dead, 28%; 
dependent, 12%; and independent, 
59%. Comparable figures for the 155 
placebo-treated cases of aneurysm 
were 32%, 12%, and 56%. 

As evidenced by the earliest studies, 
antifibrinolytic therapy is not partic- 
ularly dangerous.^ In 1112 cases of 
subarachnoid hemorrhage, the inci- 
dence of  hematologic-thrombotic 
complications were as follows: ane- 
mia, 7.4%; coagulation-factor disor- 
ders, 0.5%; clotting derangement, 1%; 
abnormal bleeding time, 0.6%; purpu- 
ra, 0.2%; deep-vein thrombosis, 1.2%; 
superficial vein thrombosis, 4.7%; and 
pulmonary embolism, 0.7%. Possible 


gastrointestinal side effeets included 
the following: diarrhea, 27%; gastro- 
intestinal hemorrhage, 2.5%; nausea, 
13.7%; and vomiting, 8.4%. With the 
exception of the diarrhea, these all 
appeared to be within the range of 
what might normally be anticipated 
in the subarachnoid hemorrhage 
patient population. Rhabdomyolysis 
was not seen in this group, so it must 
be an exceedingly rare complication of 
antifibrinolytic therapy, although its 
occurrence has been documented. 

In the most recent cooperative 
study of 672 patients. it was found 
that hydrocephalus developed in 14% 
of patients who received antifibrino- 
lytic agents, compared with only 7% 
for those who did not receive them. 
This difference was statistically sig- 
nificant. In the antifibrinolytic group, 
the thrombophlebitis rate was 2.8%, 
as opposed to 1.5% in the nonantifi- 
brinolytic group. This difference did 
not achieve statistical significance. 
Similarly, the pulmonary embolus 
rate was 0.9% in the treated group vs 
0.5% in the nontreated group, again a 
nonstatistically significant differ- 
ence. In the prospective study of Ver- 
meulen et al? hydrocephalus requir- 
ing drainage of spinal fuid developed 
in more patients in the tranexamic 
acid-treated group by three months, 
although this difference did not reach 
statistical significance. The deep-vein 
thrombosis and pulmonary embolism 
rates did not achieve statistically sig- 
nificant differences. 

In my opinion, early aneurysm sur- 
gery carried out as soon as possible 
after the bleeding provides the patient 
with the best chance of avoiding 
rebleeding. With modern anesthetic 
and neurosurgical techniques, this can 
be performed without increasing 
overall management mortality and 
morbidity. Therefore, the prime ratio- 
nale for the use of antifibrinolytic 
drugs has disappeared. This fact, cou- 
pled with the lack of apparent overall 
efficacy of the antifibrinolytic drugs, 
suggests that at our present state of 
knowledge antifibrinolytic drugs have 
no role to play in the management of 
subarachnoid hemorrhage. Admitted- 
ly, dogmatism is out of place in the 
management of this difficult and 
largely unpredictable disease process. 
It is therefore at least conceivable 
that a rare candidate fer this therapy 
might exist, in whom the risk of vaso- 
spasm is judged to be minimal, when 
overwhelming contraimdications to 
early surgery are present. In such a 
situation, the employment of antifi- 
brinolytic agents might at least be 
considered. 
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ew conditions evince potential for 
disaster or cure as vividly as sub- 
arachnoid hemorrhage. If the patient 
survives the initial bleeding intact or 
with minor deficits, clipping of the 
aneurysm virtually eliminates the 
risk of recurrence. However, before 
something definite can be done, the 
patient faces the risk of rebleeding 
and later that of vasospasm. As Dr 
. Adams documents, 20% of patients 
= with subarachnoid hemorrhage will 
rebleed, half of them in the first 24 
hours. Two thirds of those who 
rebleed die. The obvious solution is to 
operate before rebleeding or vaso- 
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spasm can occur, a logical but unpop- 
ular approach because of the high 
perioperative complication rate of 
early intervention. 

Both Adams and Weir agree that 
the published evidence shows that in 
patients treated with antifibrinoly- 
tics, the advantages of decreased 
rebleeding rates are negated by the 
increase in ischemic complications 
and hydrocephalus. Dr Adams states 
that if the usual therapeutic lag time 
of 36 to 48 hours of antifibrinolytics 
can be reduced by bolus injections and 
if the danger of vasospasm can be 
decreased by the concomitant use of 
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calcium blockers, then the results will | 


be improved. These remain plausible 
but unproved points. 

Present evidence does not justify 
the use of antifibrinolytic agents in 
subarachnoid hemorrhage. The dan- 
ger of rebleeding wil likely be 
reduced by increasingly earlier sur- 


gery, as Dr Weir advocates. For - 


patients in whom early surgery poses - 


an unacceptable risk, Dr Adams' 
approach may well prove worthwhile. 
Both approaches deserve scientific 
evaluation, preferably with the same 
research protocol. 


— VLADIMIR HACHINSKI, MD, FRCP(C) | 
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NEUROLOGY OF THE 
NEWBORN, 2nd Edition (A 
Volume in the Major Problems in 
Clinical Pediatrics Series) 

Focuses on clinical evaluation and 


management of neurological problems in the 


infant. Coverage includes new material on 
normal and abnormal brain development, 
specialized techniques in neurological 
evaluation, neonatal seizures, more. 

By Joseph J. Volpe, MD, A. Ernest and Jane G. 
Stein Prof. of Developmental Neurology, Prof. of 
Pediatrics, Neurology, and Biological Chemistry, 
and Dir., Div. of Ped atric Neurology, Washington 
Univ. School of Medicine, St. Louis, MO.716 pp. 
754 ills. Jan. 1987. $€5.00. W2113-9. 








Asbury, McKhann & McDonald 
DISEASES OF THE NERVOUS 
SYSTEM: Clinical Neurobiology 


Describes the mechanisms, manifestations, 
and management »f neurologic disease. 
Distinguished cliricians and neuroscientists 
cover developmen: of neurons, recovery of 
neurologic functian, oculomotor control, 
memory disorders, more! 

Edited and with con:ributions by Arthur K. 
Asbury, MD, Ruth Wagner Van Meter and J. Ray 
Van Meter Prof. of Neurology, Univ. ot 
Pennsylvania Schoo! of Med., Philadelphia Guy M. 
McKhann, MD, Kennedy Pref. of Neurology, and 
Dir. of the Dept. of Neurology, The Johns Hopkins 
School of Medicine, Baltimore, MD; and W. Jan 
McDonald, PhD, FRCP, Prof. of Clin. Neurology, 
Inst. of Neurology; Eonorary Consultant 
Physician, National Hosp. of Nervous Diseases, 
London and Maida Vale, and Moorfields Eye 
Hosp., London. 803 pp. 504 ills. 1986. 2-Vol. Set: 
$175.00. W1962-2. 


- --- W.B. Saunders----- 


| (m YES! Please rush my copies of the books checked below. If not completely 
I satisfied, I may return the books with the invoice within 30 days at no further 


obligation. I am returning this order form to: 


- C1 W2113-9 Volpe, $65.00 
O W2111-2 Sundt, $85.00 
{ O W1827-8 Ramsey, $85.00 
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| 0 W1187-7 Bland, $49.95 
! O W1962-2 Asbury et al, $175.00 
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WEST PALM BEACH (©) MIDAS REX INSTITUTE 


"Modern Dissection Techniques Of Bone, Bioplastics and Biometals" 





Neurosurgical Symposia (NEURO 700) 
FEBRUARY- 16-17-18 APRIL—22-23-24 
MARCH—5-6-7 + 16-17-18 * 30-31-Apr. 1 MAY—1 8-19-20 






WORKSHOPS: The Workshops will emphasize a series of hands-on exercises, utilizing appropriate animal bones, skeletal bones, bioplastics and 
biometals for dissection in the cranium and spine. Methylmethacrylate and biometals as they relate to neurosurgery will also be considered. 
The Midas Rex Hands-On Workshops will be held each day from 7:00 am to 1:00 pm at the permanent instructional facility, 529 25th Street, 
West Palm Beach. The afternoons and evenings are free to enjoy some of the many activities that the Palm Beach area has to offer such as: 















SPECTATOR SPORTS—Baseball, Jai Alai, Greyhound Racing, Polo, Golf, Tennis, 
Sailing. 

PARTICIPANT SPORTS—Golf, tennis, swimming, sailing, racquetball. 
ATTRACTIONS—Lion Country Safari, Whitehall (Henry Flacler mansion), Hibel 
Museum of Art, Science Museum, Morikami Museum, Norton Art Gallery, 
Society of the Four Arts. 

SHOPPING—in the old world style is Worth Avenue with some of the best boutiques 
in the world and many other malls and stores throughout Palm Beach County. 
DINING—There are 2,000 restaurants to i ee Not 
choose from in the area with many boast- xis dia. dé * 
ing 5 star ratings. NU. 


















ENROLLMENT: Send letter and check pay- 
able to "Palm Beach Symposium" Surgeon— 
US $965.00; Resident—US $585.00 (with let- . 
ter from Department Head); OR/Tech/Ass't.— AM 
US $250.00. T 
Mail to: 
Midas Rex Institute, 3001 Race Street, Fort 
Worth, Texas 76111 Phone (800) 433-7639, 
In Texas: (817) 831-2604 
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DILANTIN? (extended phenytoin sodium capsules, USP) KAPSEALS* 


DILANTIN? (phenytoin sedium injection, USP) Parenteral 


Before psesc“ibing, please see full prescribing information. A Brief Summary follows. 


IMPORTANT NOTE 
This drug must be administered slowly. Do not exceed 50 mg per 


minute intravenously. 
In neonates, the drug should be administered at a rate 
aot exceeding 1-3 mg/kg/min. 





INDICATIONS: Parenteral Parenteral Dilentin is indicated for the contro! of status epilepti- 
Cus of (ne grand mal type, and prevention and treatment of seizures occurring during 
neurosaurgery. 

Dral: Deantim is indicated forthe controlo* generalized tonic-clonic (grand mal) and com- 
plex pæ tal (csychomotor temporal lobe) seizures and prevention and treatment of sel- 
zures Oc currirg during or tollowing neurosurgery 

?hen:toin serum level determinations m ay be necessary for optimal dosage adjustments 
(see Desage enc Administration and Clinical Pharmacology in full prescribing information) 


CONTREENDECATIONS: ?are»teral. Because of its effect on ventricular automaticity, 
plenytcir is contraincicated n sinus bradycardia, sino-atrial block, second- and third- 
degree A.V biack, and pabent- with Acams-Stokes syndrome. 

Parer:se-a! and Oral’ Pheeyte is contraindicatec in those patients who are hypersensitive 
taphenytoin c: other hydantoirs. 


WARNINGS: '^arente'3! intr venous administration should not exceed 50 mg per 
minute :r- aduits. In neonates the drug should be administered at a rate not exceeding 
1-3 mgfke mir. 

Severe carcotoxic reactions and fatalites have been reported with atrial and ventricular 
conducen depression and ventricular f brillation. Severe complications are most com- 
menly e&n-ourneered in elderly c gravely ill patients 

Phen'tein ssould be used with caution n patients with hypotension and severe myocar- 
dial insi i *cierzy. 

"ypo:e^sior usually occurs when the drug is administered rapidly by the intravenous 
route. 

The imtramuscular route ts net recommended for the treatment of status epilepticus since 
bleod levels o phenytoin in the therapeutic range cannot be readily achieved with doses 
ard memeds c administration ordinarily employed 

Oral. &trupswithdrawal of phenytoin in epileptic patients may precipitate status epilepti- 
cus. Wher. in te judgmer: of tme clinician the need for dosage reduction, discontinuation, 
or substr.tion of alternative anuepileptic medication arises, this should be done gradually 
However ~ theevent of amaliergic or hypersensitivity reaction, rapid substitution of alterna- 
tive therapy may be necessary In this case, alternative therapy should be an antiepileptic 
dr:;g not telorging to the hydantoir chemical class 

Parentssal-and Oral There have been a number of reports suggesting a relationship 
be*weer »herytoin and the ceveiopment of lymphadenopathy (local or generalized) 
including 5enmn lymph nede ayperplasie, pseudolymphoma, lymphoma, and Hodgkin's 
Disease althaugh a cause ard effect relationship has not been established. the occur- 
remce Of ynpradenopathy ina:cates the need to differentiate such a condition from other 
tyges of ymph-node pathaiogy Lymph node involvement may occur with or without symp- 
toms ane sign=resembling serum sickness eg, fever, rash and liver involvement 

in all cases of lymphadenopathy. follow-up observation for an extended period is indi- 
cad ar zeveiv effort should t= made to achieve seizure control using alternative antiepi- 
lec'ic drues 

Acute acoholic intake may increase phenytoin serum levels while chronic alcoholic use 
may dec:ease «erum levels. 


Usage in ?regnancy: Parente:a! and Cra" A number of reports suggests an association 
beitweer"the use of antiepileptic drugs Dy women with epilepsy and a higher incidence of 
birh detects im children born ‘> these women. Data are more extensive with respect to 
phenytom and-ohenobarbi:al, but these are also the most commonly prescribed antiepilep- 
tic drugs =ss systematic cr arecdotal reports suggest a possible similar association with 
thease c’ all krown antiepiieptic drugs. 

The reverts saggesting higher incidence of birth defects in children of drug-treated epi- 
legic warren cannot berecarded as adequate to prove a definite cause and effect relation- 
shie. Thee are intrinsic methadologic oroblems in obtaining adequate data on drug 
terstoge icity m humans; genetic tactors or the epileptic condition itself may be more 
importar’ ^an drug therapy imeading to birth defects. The great majority of mothers on 
antepileotic medication deliver norma! irfants. It is important to note that antiepileptic 
drugs should met be discontinued in patients in whom the drug is administered to prevent 
mær sexz-;res because c' the strong possibility of precipitating status epilepticus with 
attendam hypoxia and threat to «fe. In indiv dual cases where the severity and frequency of 
theseizuse discrder are such that the removal of medication does not pose a serious threat 
to t^e patent, discontinuation othe drug may be considered prior to and during pregnancy. 
although«t-annot be said with any confidence that even minor seizures do not pose some 
hazard te he caveloping embsyo or fetus. The prescribing physician will wish to weigh 
these comsiderations in treatingor counseling epileptic women of childbearing potential. 

In addmen to ^ne reports ef inereased inc dence of congenital malformation, such as cleft 
lip/malate.end heart malformations in children of women receiving phenytoin and other anti- 
episeptic deugs there have more recently been reports of a fetal hydantoin syndrome This 
Corsists sf 5reratal growth deficiency, microcephaly and mental deficiency in children born 
To mothess who nave received pnenytoin, barbiturates, alcohol, or trimethadione However. 
these features are all interrelatsd and are frequently associated with intrauterine growth 
rete'datic7?ron-other causes 

Taere nave Deen isolatecrepmrts of malignancies, including neuroblastoma, in children 
whese met»ers seceived phenytoin during pregnancy. 

Am incase ^ seizure frequency durirg pregnancy occurs in a high proportion of 
patents, »ecause of alterec phenytoin abserption or metabolism. Periodic measurement of 
seram phesytom levels is particularly valueble in the management of a pregnant epileptic 
patent as « gume to an appropxate adjustment of dosage However, postpartum restora- 
tiorr»f thec-igiral dosage will probably be mndicated 

Neonata coa ;ulation defectsiave been -reported within the first 24 hours in babies born 
to emilept —mot»ers receiving penodarbital and/or phenytoin. Vitamin K has been shown 
to prever ar correct this defect and has been recommended to be given to the mother 
Defere dei very and the neonate3tter birth. 


PREBCAUTIDNS: General: Paremterat The eddition of Dilantin solution to intravenous infu- 
Sior3s Now=commended due tc ack of solwbility and resultant precipitation 

Each imeztior-of intravenous Dilantin shculd be followed by an injection of sterile saline 
through t&e-sarre needle orintrevenous catheter to avoid local venous irritation due to the 
alkaunityefhe lution. Comtinuous infusion should be avoided 

Seft tissue irritation and in'kammaticn has »ccurred at the site of injection with and without 
oxtmavasauen of mtravenousphenytoin. Sof tissue irritation varying from slight tenderness 
tg extensme necrosis and sloughing has been noted. Subcutaneous or perivascular injec- 
'ionsshoullll >e avoided 

Cial: Osteomesacia has been associated with phenytoin therapy and is considered to be 
dueto phenytoims interference with Vitamin D metabolism 

Parentes= ancOral: The liver is the site of biotransformation. Patients with impaired liver 


function, elderly patients, or those who are gravely ill may show early toxicity 

A small percentage of individuals who have been treated with phenytoin have been 
shown to metabolize the drug slowly. Slow metabolism may be due to limited enzyme avail- 
ability and lack of induction; it appears to be genetically cetermimed 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regard- 
ing drug discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythema- 
tosus or Stevens-Johnson syndrome is suspected. use of this drug should not be resumed 
and alternative therapy should be considered. (See Acverse Reactions ) If the rash is of a 
milder type (measies-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of Merapy, further phenytoin 
medication is contraindicated 

Hyperglycemia, resulting from the drugs inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients 

Phenytoin is not indicated for seizures due to hypoglycemic o: other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated 

Phenytoin is not effective for absence (petit mal) seizures. If torsc-clonic (grand-mal) and 
absence (petit mal) seizures are present, combined crug therapy is needed 

Serum levels of phenytoin sustained above the optimal range may oroduce confusional 
states referred to as "delirium," “psychosis,” or “encephalopathy,” or rarely irreversible cere- 
bellar dysfunction. Accordingly, at the first sign of acute toxicity. plasma levels are recom- 
mended. Dose reduction of phenytoin therapy is indicated if plasma levels are excessive; if 
symptoms persist, termination is recommended. (See Warnings) 
Information for Patients: Oral: Patients taking phenytoin should be advised of the impor- 
tance of adhering strictly to the prescribed dosage regimen, and ef informing the physician 
of any clinical condition in which it is not possible to teke the druc orally as prescribed, eg, 
surgery, etc 

Patients should also be cautioned on the use of other drugs or alcoholic beverages with- 
out first seeking the physician s advice 

Patients should be instructed to call their physician if skin rash develops 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications 
Laboratory Tests: Phenytoin serum level determinations may be recessary to achieve opti- 
mal dosage adjustments 
Drug Interactions: There are many drugs which may increase or cecrease phenytoin levels 
or which phenytoin may affect. The most commonly cccurring drug interactions are listed 
below. 1. Drugs which may increase phenytoin serum levels imciude chloramphenicol. 
dicumarol, disulfiram, tolbutamide, isoniazid, phenylbutazone, acute alcohol intake, salicy- 
lates, chlordiazepoxide, phenothiazines, diazepam, estrogens, ethosuximide, halothane. 
methylphenidate. sulfonamides, cimetidine. trazodone 

2 Drugs which may decrease phenytoin levels include: carbamazepine. chronic alcohol 
abuse. reserpine. Moban® brand of Molindone Hydrochioride cortains calcium ions which 
interfere with the absorption of phenytoin Ingestion times of phenytoin and antacid prepa- 
rations containing calcium should be staggered in patients with low serum phenytoin levels 
to prevent absorption problems 

3 Drugs which may either increase or decrease phenytoin serum levels include: pheno- 
barbital, valproic acid, and sodium valproate Similar y, the effec’ of phenytoin on pheno- 
barbital, valproic acid and sodium valproate serum leveis is unpredictable 

4 Although not a true drug interaction. tricyclic antidepressanitsmay precipitate seizures 
in susceptible patients and phenytoin dosage may need to be adjusted 

5 Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anti- 
coagulants, oral contraceptives, quinidine, vitamin D, digitoxir, rifampin, doxycycline, 
estrogens, furosemide 

Serum level determinations are especially helpful when possible drug interactions are 
suspected 
Drug/Laboratory Test Interactions: Phenytoin may cause decreased serum levels of pro- 
tein-bound iodine (PBI). It may also produce lower than normal values for dexamethasone 
or metyrapone tests. Phenytoin may cause increased serum levels of glucose, alkaline 
phosphatase, and gamma glutamyl transpeptidase (GGT) 
Carcinogenesis: See ‘Warnings’ section for information on carcinegenesis 
Pregnancy: See Warnings 
Nursing Mothers: Infant breast feeding is not recommended for women taking this drug 
because phenytoin appears to be secreted in low concentrations n human milk 
ADVERSE REACTIONS: Parenteral. The most notable signs of toxcity associated with the 
intravenous use of this drug are cardiovascular collapse and/or central nervous system 
depression. Hypotension does occur when the drug is administered rapidly by the intrave- 
nous route. The rate of administration is very important: it should nct exceed 50 mg per min- 
ute in adults, and 1-3 mg/kg/min in neonates. At this rate, toxicity should be minimized. 
Injection Site: Local irritation, inflammation. tenderness, necrosis, and sloughing have 
been reported with or without extravasation of intravenous phenytein 

Parenteral and Oral. Cardiovascular: Severe cardiotoxic reactons and fatalities have 
been reported with atrial and ventricular conduction depression ar d ventricular fibrillation 
Severe complications are most commonly encountered in elderly cr gravely ill patients 
Central Nervous System: The most common manifestations enceuntered with phenytoin 
therapy are referable to this system and are usually dose-related. These include nys- 
tagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness. 
insomnia, transient nervousness, rnotor twitchings, and headaches have also been 
observed. There have also been rare reports of pheny'oin induced dyskinesias, including 
chorea, dystonia, tremor and asterixis, similar to those induced by phenothiazine and other 
neuroleptic drugs 

A predominantly sensory peripheral polyneuropathy has been observed in patients 
receiving long-term phenytoin therapy 
Gastrointestinal System: Nausea, vomiting. and constipation 
Integumentary System: Dermatological manifestations sometime: accompanied by fever 
have included scarlatiniform or morbilliform rashes A morbilliform rash (measles-like) is the 
most common. other types of dermatitis are seen more rarely Otner more serious forms 
which may be fatal have included bullous, exfoliative or purpuric cermatitis, lupus erythe- 
matosus, and Stevens-Johnson syndrome (see Precautions) 
Hemopoietic System: Hemopoietic complications. some fatal. Fave occasionally been 
reported in association with administration of phenytoin. These have included thrombocy- 
topenia, leukopenia, granulocytopenia, agranulocytosis, and pancytopenia with or without 
bone marrow suppression. While macrocytosis and megalcblastic anemia have occurred, 
these conditions usually respond to folic acid therapy. Lymphadencpathy including benign 
lymph node hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease have been 
reported (see Warnings) 
Connective Tissue System: Coarsening of the facial features. enlargement of the lips, 
gingival hyperplasia, hypertrichosis, and Peyronie's Disease 
Other: Systemic lupus erythematosus, periarteritis nodosa, toxic hepatitis, liver damage, 
and immunoglobulin abnormalities may occur 
Caution—Federal law prohibits dispensing without prescription 
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TREND PLOTTING takes processed EEG data 
a step beyond everyone else! 





^s : 





Color Density Spectral Array (CDSA) 

is the most dynamic technique for the 
display of four-channel processed EEG 
data. Only Tracor Northern, however, 
takes processed EEG data a step further 
with Trend Plotting. 


With Trend Plotting, selected features 
of the EEG are plotted vs. time, to allow 
easy, visual comparisons. Using these 
comparisons, local changes in brain 
activity are immediately detectable. 


Tracor rian 
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To alleviate the symptoms of Parkinson's disease— 
use Symmetrel’ (amantadine HCI). 


Alone at the start. 











Later with carbidopa/ 
levodopa. 






As initial therapy, SYMMETREL rapidly, effectively improves mild to 
moderate symptoms of parkinsonism. It is particularly effective against 
disabling bradykinesia., SYMMETREL also has a remarkably low 
incidence of atropine-like side effects^—so even older patients 
usually tolerate it well. SYMMETREL, alone at the start, buys valuable 
time before levodopa drugs* become a necessity. 

As Parkinson's disease progresses, SYMMETREL can serve as a use- 
ful adjunct to levodopa drugs* It helps smooth the random fluctuations 
in response that sometimes occur with levodopa drugs.’ In addition, 
SYMMETREL may help maintain therapeutic effectiveness if levodopa 
toxicity demands a reduction in dosage. 


messes [AMANTADINE HO] | t 
More than just first-step therapy t 


*The term “levodopa drugs" includes levodopa and also carbidopa/levodopa combinations. 
Please see brief summary of prescribing information on following page. 


Du Pont Pharmaceuticals o 


1986.1. du Pont de Memours & Co. (Inc.) REG US para Tw OFF SYMMETREL* is evailable exclusively from Du Pont. 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 

INDICATIONS AND USAGE: Parkinson's Disease/Syndrome and Drug-Induced 
Extrapyramidal Reactions: SYMMETREL is indicated in the treatment of idiopathic 
Parkinson's disease (Paralysis Agitans), postencephalitic parkinsonism, drug-induced 
extrapyramidal reactions, and symptomatic parkinsonism which may follow injury to 
the nervous system by carbon monoxide intoxication. It is indicated in those elderly 
patients believed to develop parkinsonism in association with cerebral arteriosclero- 
sis. In the treatment of Parkinson's disease, SYMMETREL is less effective than levo- 
dopa, (-)-3-(3, 4-dihydroxypheny!)-L-alanine, and its efficacy in comparison with the 
anticholinergic antiparkinson drugs has not yet been established Although anticholin- 
ergic type side effects have been noted with SYMMETREL when used in patients with 
drug-induced extrapyramidal reactions, there is a lower incidence of these side effects 
than that observed with anticholinergic antiparkinson drugs. 

CONTRAINDICATIONS: SYMMETREL is contraindicated in patients with known 
hypersensitivity to the drug. 

WARNINGS: Patients with a history of epilepsy or other "seizures" should be observed 
closely for possible increased seizure activity. 

Patients with a history of congestive heart failure or peripheral edema should be 
followed closely as there are patients who developed congestive heart failure while 
receiving SYMMETREL. 

Patients with Parkinson's disease improving on SYMMETREL should resume normal 
activities gradually and cautiously, consistent with other medical considerations, such 
as the presence of osteoporosis or phlebothrombosis. 

Patients receiving SYMMETREL who note central nervous system effects or blurring 
of vision should be cautioned against driving or working in situations where alertness 
is important. 

PRECAUTIONS: SYMMETREL (amantadine hydrochloride) should not be discontin- 
ued abruptly since a few patients with Parkinson's disease experienced a parkinsonian 
Crisis, i.e., a sudden marked clinical deterioration, when this medication was suddenly 
stopped. The dose of anticholinergic drugs or of SYMMETREL should be reduced if 
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impairment, congestive heart failure, peripheral edema, or orthostatic hypotension. 
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Pediatric Use: The safety and efficacy of SYMMETREL in newborn infants. and 
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of SYMMETREL (amantadine hydrochloride) is 100 mg twice a day when used alone. 
SYMMETREL has an onset of action usually within 48 hours. 
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Patients initially deriving benefit from SYMMETREL not uncommonly experience a 
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rapid therapeutic benefits. SYMMETREL should be held constant at 100 mg daily or 
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Neurologist 
Faculty position available for Board Certified or Board Eligible 
neurologist who will participate in research, clinical, and 
teaching activities of the Georgetown University School of 
Medicine and the Georgetown Hospital, which is a major site 
for the training of residents and medical students and houses 
especially strong clinical programs in the areas of stroke, 
neuro-ophthalmology, epilepsy, and electrophysiology. The 
incumbent should have demonstrated competence in basic 
research. There are unusually superb opportunities for 
incumbent to develop his/her own research program and 
especially favorable opportunities exist in areas related to 
neuroimmunological and neuromuscular disorders. Appoint- 
ment will be at the Associate Professor level depending upon 
qualifications. Send C.V., supporting documents, and names 
of three references to: 


Jonathan H. Pincus, M.D. 
Professor and Chairman 
Department of Neurology 
Georgetown University 
School of Medicine 
3800 Reservoir Road, N.W. 
Washington, D.C., 20007 


Georgetown Medical School is an equal opportunity affirma- 
tive action employer. 
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Psychiatry of Movement 
Disorders apru 22-24, 1987 


MOUNTAIN SHADOWS RESORT 
SCOTTSDALE, ARIZONA 


Sponsors: 

Department of Neurclogy 

The Johns Hopkins Medica! Institutions 
and 

Sandoz Pharmaceutical Corporation 


Course Directors: 

Hamilton Moses III, M.D. 

Associate Professor of Neurology 
and 

Mahlon R. DeLong, M.D 

Professor of Neurology 


AMA Category | Credit 
FEE: $300 


For Further Information: 

Program Coordinator 

The Johns Hopkins Medical Institutions 
720 Rutland Avenue. Turner 22 
Baltimore, Maryland 21205 

(301) 955-6046 
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Lioresal helps relieve signs and symptoms of 
spasticity associated with spinal cord injury or disease 
and multiple sclerosis. 


10-year record of safety and efficacy 
Lioresal offers a variety of dosing options... 


Many patients find they can function better in the 
morning if they take their first dose an hour before 
dressing. 


Smaller doses taken throughout the day mean 
drowsiness* is less likely to be a problem? 


If a dose is taken just before bedtime, patients (and 
their spouses) are less likely to be awakened by 
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In scored 10- and 20-mg tablets for convenience 
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*Because of the possibility of sedation with Lioresal, patients should be 
cautioned regarding operation of automobiles and other dangerous 
machinery, or activities made hazardous by decreased alertness. 


For more information, please consult the Brief Summary of Prescribing 
Information. 
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Brief Summary of Prescribing Information. 
Contraindications Hypersensitivity to baclofen. 
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a. Abrupt Drug Withdrawal: Haliucinations and seizures 
have occurred on abrupt withdrawal of Lioresal. There- 
fore, except for serious adverse reactions, the dose 
should be reduced slowly when the crug is 
discontinued. 

b. Impaired Renal Function: Because Lioresal is primarily 
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Hyatt Regency, Tampa, Fla. Contact Carlita M. Kearney, Office of Continuing Education. The 
Johns Hopkins Medical Institute, Room 22 Turner, 720 Rutland Ave, Baltimore, MD 21205; (301) 
955-3168. 
14th Annual Symposium, Barrow Neurological Institute, ''Neurology and Neurosurgery of the 
Aging,” Marriott’s Mountain Shadows Resort, Scottsdale, Ariz. 
Third Annual Update in Neuro-Oncology '87, Division of Neuro-Oncology, University of South 
Florida College of Medicine, Tradewind Hotel, St Petersburg Beach, Fla. Contact Surasak 
N. Phuphich, MD, 12901 N 30th St, Box 69, Tampa, FL 33612; (813) 974-3771 or 974-2794. 
PE 25-27 Third Annual Conference on Neurotrauma, Westin Galleria Hotel, Houston. Contact Susen F. 
E. Wilson, RN, PhD, The University of Texas Medical School, Division of Neurosurgery, 6431 Fannin 
te St, Suite 7154, Houston, TX 77030; (713) 792-5776. 


2€ Integrating Theory and Practice in Clinical Neuropsychology ''The Neuropsychology of Emotion.” 
Contact Ellen Perecman, Department of Neurology, New York University Medical Center, 550 First 
i Ave, New York, NY 10016; (212) 340-6284. 
d 2€-March 2 Tenth Annual Meeting of the American Society of Neuroimaging (Seriatim With Stroke Council 
CHEM Meeting, American Heart Association) Hyatt Regency Hotel, Tampa, Fla. Contact Leon D. 
p Prockop, MD, 12901 N 30th St, Box 55 Tampa, FL 33612; (813) 974-2794 or Lawrence Jacobs, 
* MD, Dent Neurological Institute, Millard Fillmore Hospital, 3 Gates Circle, Buffalo, NY 14209; (716) 
we 886-3467. 
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Book 





Diagnostic Pathology of Skeletal Muscle and 








Nerve, edited by Sydney S. Schoche-, Jr, 282 pp, 
with illus, $49.95, East Norwalk, Conn, Appleton- 
Century-Crozts, 1986. 

This book is a conveniertly sized, 
readable introduction to the patholo- 
gy of nerwe and skeletal muscle. The 
first chapser outlines the techniques 
of muscle biepsy and specimen prepa- 
ration, reviews the histology of nor- 
mal musc, and includes a practical 
section describing the usefulness of 
the various histologic stains. The next 
several chapters discuss the patholog- 


- ic changes seen in muscle biopsy spec- 


imens, including changes seen with 
denervatirz disorders, inflammatory 
myopathies, muscular dystrophies, 


 myotonie disorders, metabolic myo- 
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pathies, and congenital myopathies. 
Inclusion body myositis and the mito- 
chondrial myopathies, two relatively 
new pathologic entities, are nicely dis- 
cussed. The remaining four chapters 
cover the histopathology of peripheral 
nerve, a topic often omitted in neuro- 
muscular texts. This section briefly 
discusses the pathologic findings seen 
in inflammatory, neoplastic, metabol- 
ic, toxic, and hereditary neuropa- 
thies. 

This book is well organized and 
extensively illustrated with high qual- 
ity light and electron microscopic pho- 
tomicrographs that are amazingly 
free from artifact. Concise clinical 
discussions are included in the text 
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along with the histopathologic find- 
ings. It would have been helpful for 
the author to include a chapter sum- 
marizing the various pathologic 
changes seen in muscle and nerve 
biopsy specimens, as well as recom- 
mendations concerning a practical 
approach to interpreting muscle and 
nerve biopsy results. These additions 
would have made this book more use- 
ful to those-specializing in neuromus- 
cular diseases. Nonetheless, this book 
should prove helpful to house officers 
and practitioners desiring a concise 
overview of neuromuscular patholo- 
gy. 

RALPH F. JozEFowicz, MD 

Rochester, NY 
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Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal 
letter signed by all authors must accompany this (see “Instructions for Authors”). 


Controversies in Diagnosis 

and Management of 

Pseudotumor Cerebri 

To the Editor.—As a group of neuro- 
ophthalmologists trained primarily in 
neurology, we believe that the CONTRO- 
VERSIES IN NEUROLOGY—presented in 
the February 1986 issue of the 
ARCHIVES—on diagnosis and manage- 
ment of pseudotumor cerebri failed to 
address the real controversies con- 
cerning this disorder. We also dis- 
agree with the diagnostic methods 
proposed. 

In our opinion, the diagnostic crite- 
ria for pseudotumor cerebri do not 
require continuous monitoring of 
intracranial pressure. The patient 
should have signs and/or symptoms of 
increased intracranial pressure. Re- 
sults of a neurologic examination 
should be normal except for signs of 
increased intracranial pressure. Re- 
sults from neuroradiologic and other 
neurodiagnostic examinations should 
be normal except for elevated cerebro- 
spinal fluid (CSF) pressure. Results of 


. an evaluation for other causes of ele- 


vated intracranial pressure should be 
negative. 

Harold J. Hoffman, MD, FRCS(C),' 
suggests that the diagnosis be made 
by monitoring intracranial pressure 
by inserting a catheter into the lum- 
bar subarachnoid space to measure 
CSF pressure for a 24-hour period. It 
is unknown what percentage of the 
population has elevated intracranial 
pressure and is asymptomatic. We 
know that normal individuals may 
have CSF pressures up to 250 mm 
H,O.: In one description of patients 
with pseudotumor cerebri who under- 
went continuous monitoring of intra- 
cranial pressure, headaches, usually 
associated with intracranial pressure, 
did not occur during pressure plateaus 
and plateaulike waves.* We, therefore, 
rely on the clinical criteria stated 
above to diagnose pseudotumor cere- 
bri. Nonetheless, continuous (24-hour) 
monitoring of intracranial pressure 
rarely may be warranted in patients 
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with papilledema in whom the lumbar 
puncture shews borderline normal 
CSF pressure. 

Hoffman also suggests using moni- 
toring of intracranial pressure to 
identify a subgroup of patients with 
elevated intracranial pressure with- 
out papilledema. He cites nine previ- 
ously reported cases) Two patients 
did not have documented elevation of 
intracranial pressure, and three other 
patients had papilledema. We believe 
the subgroup of patients with pseudo- 
tumor cerebri who do not have papil- 
ledema is small. Their vision is not at 
risk as is the vision of a patient with 
papilledema. 

How does continuous monitoring 
alter the treatment approach or 
options? Cerebrospinal fluid pressure 
is commonly elevated when patients 
with pseudotumor cerebri are seen at 
follow-up despite resolution of papil- 
ledema, headache, and other signs and 
symptoms of inereased intracranial 
pressure.** Since visual loss in pseudo- 
tumor cerebri has not been convinc- 
ingly demonstrated in the absence of 
papilledema, patients who are asymp- 
tomatic should be followed up and not 
treated. This should be done without 
regard to their CSF pressure. If one 
suspects increased intracranial pres- 
sure without papilledema in a patient 
with headaches, we would recommend 
a diagnostic lumbar puncture. If the 
intracranial pressure is normal, a 
therapeutic trial of acetazolamide or 
treatment with any standard head- 
ache drug regimen is in order. 

Although Hoffman cites a report in 
which there was no relationship 
between visual loss and the degree of 
papilledema, there is some evidence 
that visual loss does parallel the 
degree of papilledema.’ This is not 
surprising since visual loss is due to 
damage of axons of retinal ganglion 
cells either on an ischemic or on a 
compressive basis at the level of the 
optic disc. There is no substantial 
evidence that visual loss in pseudotu- 
mor cerebri is due to the effects of 


pressure on the optic nerve rather 
than the optic disc. 

Hoffman states that he treats 
patients with dexamethazone and 
observes their intracranial pressure 
to see if it falls. This is an interesting 
approach, and we would encourage 
Hoffman to publish an article on a 
series of patients whose cases he has 
managed this way. At present, this 
approach remains unproved. Howev- 
er, we have a question about the meth- 
od. Has it been shown that CSF did 
not leak around the lumbar catheter? 
A rent in the dural sac from the 
catheter insertion or a prior lumbar 
puncture may cause a “therapeutic” 
leak of CSF and reduction of CSF 
pressure. 

We believe that the major contro- 
versy in pseudotumor cerebri is in 
management rather than in diagnosis. 
The extent and progression of visual 
loss as measured by serial testing of 
visual function by formal perimetry 
and visual acuity should dictate 
patient management. We differ 
among ourselves about specific inter- 
ventions and when they should be 
used. The spectrum of opinion ranges 
from those of use who believe that any 
patient with moderate to severe visual 
loss should immediately have an optic 
nerve sheath fenestration or lumbar 
subarachnoid peritoneal shunt to 
those of use who believe patients 
should receive a trial of full medical 
management, ie, acetazolamide thera- 
py, 2 to 4 g/d, and high-dose cortico- 
steroid therapy before considering 
surgery. Should corticosteroid thera- 
py be used? If so, for how long, and for 
what dose? When papil.edema recurs 
while tapering the administration of 
corticosteroids, should medical thera- 
py be reinstituted or should the 
patient undergo a surgical procedure? 
Presently, such decisions are made on 
the basis of anecdotal reports as there 
have been no prospective randomized 
studies of treatment in patients with 
pseudotumor cerebri. 

We believe that management deci- 
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sions revslwe primarily around the 


severity-and rapidity of progression of 
visual less. In owr opinion, the diagno- 
sis of pseudotumor cerebri should be 


based on the criteria we have listed, 


and that centmuous monitoring of 
intracranial pressure is rarely indi- 
cated. 


THomas J Carnow, MD 

Departments of Neurology and 
Ophthaimology 

University of New Mexico 

Albuquerque, NM 87131 

JAMES Co«BETT, MD 

Departments o! Neurology and 
Ophthaimelezy 

University of lewa 

Iowa City, LA 52242 


James Geopwm, MD 

Departments of Neurology and 
Ophthaimelazy 

University of Ilinois Eye and Ear 
Infirmary 

Chicago, IL 60612 

Mark Kv»EzswrrH, MD 

Departments of Neurology and 
Ophtha!lmolezy 

New Yor University Medical School 

New York, NY 10016 


Roy J. MzckLE2, MD 
Louisville Neurology Associates 
205 E Liberty 5t 
Louisville, K Y 40202 
JAMES SFARPE, MD 
Division of Neurology, Playfair 
Neuroscience Unit, Toronto Western Hospital 
Departments ef Medicine and Ophthalmology 
Universiny of Toronto 
"Toronto, Ontario, Canada M58 1A8 


Craic H Smits, MD 

Departments of Neurology and 
Ophthalmology 

University of Washington 

Seattle, WA 98195 

MICHAEL WaLL, MD 

Departments of Neurology and 
Ophthalmolegy 

Tulane University School of Medicine 

New Orleans, LA 70112 
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2. Mesreal DA>Observations on the manage- 
ment o pseudotumor cerebri. Arch Neurol 
1986;45:*68. 

3. Corbett JJ, Mehta MP: Cerebrospinal fluid 
pressure in nermal obese subjects and patients 
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6. Combett JJ, Savino PJ, Thompson HS, et al: 
Visual loss in pseudotumor cerebri: Follow-up of 
57 patients from five to 41 years and a profile of 
14 patients with permanent severe visual loss. 
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7. Wall M: Contrast sensitivity testing in pseu- 
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In Reply.—I fully agree with T. J. 
Carlow et al in their statement that 
intracranial pressure (ICP) monitor- 
ing is not a diagnostic test for pseudo- 
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tumor cerebri. Pseudotumor cerebri is 
a condition that is diagnosed clinically 
and supplemented by neuroradiologic 
investigation. 

However, we all recognize that ICP 
varies greatly in patients with pseu- 
dotumor cerebri. A single lumbar 
puncture does not reflect what levels 
of ICP the patient actually endures. 
Only with continuous ICP recording, 
particularly during rapid eye move- 
ment (REM) sleep, can one reliably 
gauge the patient’s state of ICP. Nor- 
mal ICP during REM sleep should 
never go above 15 mm Hg. In young 
children, it rarely goes above 10 mm 
Hg, and in infants, above 6 mm Hg. 

The authors quote a study stating 
that headaches in patients with pseu- 
dotumor cerebri do not occur during 
pressure plateaus. I would agree, in 
that in our patient population with 
pseudotumor cerebri pressures were 
typically normal during the day and 
elevated to heights of 50 mm Hg dur- 
ing sleep when the patient could not 
complain of headaches. 

My rationale for using ICP monitor- 
ing is not from a diagnostic point of 
view but, rather, from a therapeutic 
point of view. These patients are clin- 
ically well and, when we place them on 
medical therapy, we may assume that 
they are responding when, indeed, 
their vision is becoming increasingly 
compromised. If one monitors ICP in 
these patients, one can obtain a base- 
line ICP during REM sleep without 
therapy. If one then places these 
patients on medical therapy, one 
should see the effect of such medical 
therapy within 24 hours. If ICP drops 
to normal levels on medical therapy, 
then there is no need for any other 
treatment. However, in those patients 
whose high ICP continues despite 
medical therapy, more active inter- 
vention is necessary. Carlow et al fall 
into the trap of following patients 
with pseudotumor cerebri by measur- 
ing the extent and progression of their 
visual loss. My own feeling is that 
pseudotumor cerebri is a benign disor- 
der, and no patient should incur visual 
loss. By treating patients for their 
state of raised ICP effectively, one 
should prevent visual loss. The only 
way that one can monitor effective 
treatment of raised ICP is to monitor 
ICP. 

Since embarking on this form of 
management, I have not seen any 
patients with pseudotumor cerebri 
who have incurred progressive visual 
loss while being treated. 

I would agree with Carlow et al in 
their statement that continuous ICP 
monitoring is not indicated as a diag- 
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nostic test. It is, however, indicated if 
one embarks on treatment of patients 
with pseudotumor cerebri. 
HAROLD J. Horrman, MD, FECS(C) 
Hospital for Sick Children 


555 University Ave 
Toronto, Ontario, Canada MSG 1X8 


The ‘fs’ Have It 


To the Editor.—The article by Miller 
et al' concerning the cavum vergae 
errs in one detail: the authors use the 
terms cavum septum pellucidum and 
cavum velum interpositum for spaces 
properly called cavum septi pellucidi 
and cavum veli intersositi. 

If Coleridge? were writing about his 
opium dream today, his “caves cf ice" 
would probably be just "ice caves," 
and the meter of Kubla Khan would 
limp in consequence. With regard to 
the cava of the brain. also, it is better 
to be old-fashioned, go along with the 
Nomina Anatomica, show oneself to 
be “progenitive”: they should be caves 
of “S65 

Davip GoLpBLATT, MD 
University of Rochester 


School of Medicine and Dentistry 
Rochester, NY 14642 


1. Miller ME, Kido D, Horner F: Cavum ver- 
gae: Association with neurologic abnormality 
and diagnosis by magnetie resonance imaging. 
Arch Neurol 1986;43:821-823. 

2. Coleridge ST: Kubla Khan, in Untermeyer L 
(ed): A Treasury of Grea Poems, Engtish and 
American. New York, Simcn & Schuster, 1955, pp 
685-686. 


Subcortical Dementa 


To the Editor.—Despite contreversy, 
the concept of subcortical dementia is 
endorsed by many, and enjoys much 
space in the literature. The remark- 
able fact is that only a few investiga- 
tions have ever examined the :ssue;'? 
even though it is the topic of numer- 
ous reviews" and a single report.* As 
Mark Twain? once wrote, “There is 
something fascinating about science. 
One gets such wholesome returns of 
conjecture out of such a trifling 
investment of fact." 

The article by Huber et al’ is an 
improvement over the usual descrip- 
tion of subcortical cementia in a sin- 
gle disease with speculation about its 
probable difference from other dis- 
eases with dementia. Unfortunately, 
this study also has its problems. Most 
obvious is the failur? to equate severi- 
ty of dementia in the two patient 
groups (dementia of the Alzheimer 
type [DAT] and Pzrkinson's disease 
[PD]) before analysis of the neuropsy- 
chological test perfermance. The only 
conclusion possible from this data is 
that the PD group was less severely 
demented, to begin with, than the 
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DAT group (Mini-Mental State Exam- 
ination [MMS] for PD, 27.16 + 3.8 vs 
MMS for DAT, 18.54 + 6.2; P < .01). If 
subcortical dementia is to be differen- 
tiated from other dementias by the 
pattern of deficit, then investigators 
such as Huber et al? should first 
equate the severity of dementia in 
their groups prior to neuropsychologi- 
cal investigations. 

Most of the disagreement concern- 
ing subcortical dementia is semantic 
and revolves around the criteria used 
to establish a diagnosis of dementia. 
Huber et al? used different criteria in 
the two patient groups and employed 
the criteria of Cummings and Ben- 
son.^ The validity and reliability of 
the Cummings and Benson “opera- 
tional” criteria are not established. 
Would the “demented” parkinson- 
ian patients in their study meet 
the National Institute of Neurological 
and Communicative Disorders and 
Stroke-Alzheimer’s Disease and Re- 
lated Disorders Association criteria” 
required for their DAT group or the 
established criteria for dementia from 
the Diagnostic and Statistical Manual 
of Mental Disorders?" It is unlikely, 
because the mean MMS score for the 
PD group is far above the cut-off score 
for dementia on this test, and is with- 
in three points of the total score." 
This does not imply that their PD 
group had normal intellectual func- 
tion; it simply questions the validity 
of the diagnosis of dementia in these 
patients. If “mild impairment of 
memory and visuospatial function but 
no impairment of language or evi- 
dence of apraxia” is subcortical 
dementia, then the authors should be 
aware that this diagnosis does not 
meet existing valid criteria for 
dementia, nor does it impart anatomic 
localization.’ 

We used a modified and extended 
version of the MMS,' and we agree 
that a more rigorous battery might 
uncover differences in the pattern of 
dementia in these diseases. While 
Huber et al? attempted to use a more 
extensive battery, the language and 
visuospatial tests were truncated, and 
no information of validity or reliabili- 
ty is offered to support this change. 
Their battery is an improvement over 
our abbreviated one, but their results 
still simply replicate our own! prior to 
the alignment according to severity of 
dementia. 

Albert et al* provided a description 
of intellectual deterioration in pro- 
gressive supranuclear palsy, but no 
comparison group with dementia was 
investigated. They were able to gener- 
ate a hypothesis from this retrospec- 
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tive study, but the eoncept of subcorti- 
cal dementia remains an unproven 
one. It is to our advantage to maintain 
this controversy until some investiga- 
tor(s) provide us with a final answer. 
Nomenclature, criteria, and defini- 
tions are a crucial guide to continued 
progress, because we must come to 
some consensus about what we do and 
do not think characterizes dementia. 
If better criteria for dementia are 
available, they should be validated 
and used in the experimental setting. 
That is not to imply that criteria from 
the Diagnostic and Statistical Manual 
of Mental Disorders or any other cri- 
teria cannot be improved on, but itis a 
plea to use existing eriteria until bet- 
ter ones are established. In this way 
all subsequent investigators have the 
opportunity to answer the question we 
are all asking: "Is dementia in one 
disease different from dementia in 


another disease?" 
RICHARD MAYEux, MD 
YAAKOV STERN, PHD 
Neurological Institute 
710 W 168th St 
New York, NY 10032 
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Ann Neurol 1983;14:278-283. 
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In Reply.—We would like to thank 
Drs Mayeux and Stern for their excel- 
lent comments. 

When our study' was designed, we 
felt it was quite reasonable to com- 
pare patients with cortical and sub- 
cortical dementia as they tend to 
present in a typical outpatient prac- 
tice, since the value of this distinction 
is primarily a clinical one. We are also 
well aware of the value of equating 
disease severity, as Mayeux and Stern 
have already done,’ and we alluded to 
this in our article, We agree that 
because dementia is often progressive, 
it is generally appropriate to match 
patient groups prior te examination of 
qualitative differences in various syn- 
dromes of dementia. This approach 
may not, however, be appropriate to 
evaluate the cortical/subcortical hy- 
pothesis. One of the previously recog- 
nized features of subcortical dementia 
is that “the intellectual impairment is 
more mild...than [im] tne cortical 
dementias."? Mayeux and Stern agree 
that we have demonstrated this. Two 
other problems may exist in matching 
patients with dementia of the Alz- 
heimer type and those with Parkin- 
son's disease (PD) for dementia sever- 
ity. One is the issue of waat consti- 
tutes an appropriate measure of 
dementia severity. In their previous 
report, Mayeux and Stern? used the 
total score on their version of the 
Mini-Mental State Examination to 
equate patient groups. This procedure 
may reduce the likelihood of detecting 
differences in subtest performance, 
since the patient groups had essen- 
tially the same total scere. When their 
patient groups were compared while 
retaining functional disability appro- 
priate to each disease, their results 
were similar to ours. A seeond prob- 
lem is the likelihood that the more 
severely demented PD patients may 
have mixed parkinsonism and Alz- 
heimer’s dementia, thereby blurring 
any possible neuropsychological dis- 
tinctions. This problem has been dis- 
cussed previously by others.‘ 

We agree with Mayeux and Stern 
that reasonable criteria for the diag- 
nosis of the dementia syndrome 
should be standardized. Despite the 
average Mini-Mental State Examina- 
tion score for our PD group, the crite- 
ria prepared by the Nationa! Institute 
of Neurological and Communicative 
Disorders and Stroke-Alzheimer’s 
Disease and Related Disorders Asso- 
ciation study group? were met by all 
patients in our study. All patients also 
met the criteria of Cummings and 
Benson.* While we are not particular- 
ly enthusiastic about the Diagnostic 
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and Statistical Manual of Mental Dis- 
orders criteria for the reasons noted 
by others, all but one of our patients 
with PD met these criteria based on 
reports from family members. We 
might suggest that the inclusion of a 
qualifying phrase such as “exceeding 
that expected for the patient’s age” 
could be a useful addition to the 
requirement that the patient have an 
acquired and persistent deterioration 
of the intellect, which is common to 
all of these definitions. 

Finally, we agree with Mayeux and 
Stern that the concept of subcortical 
dementia does not necessarily imply a 
specific anatomic localization, and we 
share their view that we have yet to 
see the last word to be written on this 


fascinating subject. We expect that _ 


some of the more useful words will be 
written by them, and we appreciate 


their comments. 
STEVEN J. HUBER, PHD 
EDWIN C. SHUTTLEWORTH, MD 
GEORGE W. PAULSON, MD 
Ohio State University School of Medicine 
Department of Neurology 
1655 Upham Dr 
Columbus, OH 43210 
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Cortical vs Subcortical Dementia: 
Neuropsychologica! Similarities 


To the Editor.—Several investiga- 
tors!’ have speculated that Alzheim- 
er’s disease (AD) and Parkinson’s dis- 
ease (PD) result in distinct dementias, 
commonly labeled cortical and subcor- 
tical in view of the respective brain 
regions believed to be primarily 
affected. Consistent with this hypoth- 
esis, Huber et al recently claimed 
that the two diseases differ neuropsy- 
chologically. The authors failed, how- 
ever, to distinguish between the obvi- 
ous differences in the severity of 
dementia (greater in patients with 
AD than in those with PD) and the 
remarkable similarity of the groups’ 
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test profiles; the data actually are 
consistent with the view that demen- 
tia in both diseases results from 
pathologic conditions of the same 
brain structures. 

The error in the article by Huber et 
al may be seen by contrasting their 
work with a parallel, hypothetical 
study. Huber et al compared healthy 
control, PD, and AD groups; the hypo- 
thetical study would compare healthy 
control, mild AD, and moderate AD 
groups. Parallel to the results of 
Huber et al, suppose that the moder- 
ate AD group performed worst on all 
measures and that the differences 
between the mild and mocerate 
groups reached statistical signifi- 
cance only for some measures. Ana- 
lyzing and interpreting the hypctheti- 
cal data as Huber et al treated theirs 
would lead to the clearly erroneous 
conclusion that AD produces di Terent 
forms of dementia in its ear y and 
later stages. The statistical justifica- 
tion for postulating separate demen- 
tias caused by lesions in separate 
brain regions would be the same for 
the hypothetical mild-moderate AD 
data as for the Huber and colleagues' 
PD-AD data. In fact, the results of 
both studies are explicable in terms of 
the effects of quantitative pathologic 
variation within a single region. 

The article by Huber et al eontains 
direct evidence for the neuropsycho- 
logical similarity of dementia in PD 
and AD. Ignoring depression, the 
mean deficit scores of patients with 
PD and AD correlated .82, indicating 
consistency regarding the measures 
on which the groups had large and 
small deficits. Rather than exhibiting 
different types of dementias, the 
patients with AD and PD ir the arti- 
cle by Huber et al differed because 
the patients with AD were more 


demented. 
T. JOHN ROSEN, PHD 
Department of Brain 
and Cognitive Sciences 
Massachusetts Institute of Technology 
77 Massachusetts Ave 
Cambridge, MA 02139 
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In Reply.—Since its inception, the 
hypothesis of cortical/subcortical de- 
mentia has been controversial, and 
obviously still generates healthy dis- 
agreement. The subcortical dementia 


syndrome includes depression, forget- 
fulness, apathy, and impairment of 
cognitive and  visuospatial skills. 
Unlike patients with cortical demen- 
tia, there is no abnormality of lan- 
guage function, agnosia, or apraxia, 
and the dementia is characteristically 
less severe. At present, despite the 
suggestive terminology, the distinc- 
tion between cortical and subcortical 
dementias is mainly a clinical one; 
pathologic correlation is little more 
than speculative, and was not 
addressed in our report. 

Despite numerous reviews, only two 
experimental studies!” have objective- 
ly evaluated the concept. Our findings 
suggested a qualitative difference and 
supported Benson's statement? that 
"It is obvious that the clinical fea- 
tures alone provide a clear distinction 
between the two types of dementia." 
We found dementia in Parkinson's 
disease (PD) to be less severe than 
that in dementia of the Alzheimer 
type (DAT), which finding forms an 
integral part of the distinction, a 
point with which Dr Rosen apparently 
agrees. In addition, there were 


impairments of memory, cognition, | 


visuospatial skills, and evidence of 
depression for patients with PD, com- 
pared to normal controls. Unlike 
patients with DAT, patients with PD 
performed normally on all tests re- 
lated to language and praxis. 

We fail to see a connection between 
our results and the hypothetical study 
posed by Rosen. It was not the case 
that the mildly demented patients 
with PD differed from the more 
severely demented patients with DAT 
only for some measures. In fact, 
patients with DAT were more severe- 
ly impaired on all measures except 
depression, compared with patients 
with PD. Patients with PD were 
impaired only on some measures com- 
pared with normal controls, and it 
was the distinctive pattern among the 
three groups that we felt was consis- 
tent with the many reviews of this hy- 
pothesis. 

STEVEN J. HUBER, PHD 

EDWIN C. SHUTTLEWORTH, MD 

GEORGE W. PAULSON, MD 

Ohio State University School of Medicine 
Department of Neurology 


1655 Upham Dr 
Columbus, OH 43210 
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For many patients 
with Parkinson’s disease 


Sinemet 25-100 
| when symptoms 

ear y first impair function 
Handwriting deterioration is one of th 

signs of Parkinson's disease. Tremor, rig 
bradykinesia are other early symptoms 
disease. When these early symptoms f 
function, it is time to start SINEMET 25 

in appropriate patients. 

The significance of “early therapy”: 
ample evidence that treatment with le 
improves the quality and length of life 


real evidence that delaying therapy cos 
benefits in the future"! 


Sinemet 55- 


(Carbidopa-Levodopa | MSD) scx 
Right from the stz 


SINEMET is contraindicated in: 
g patients who have received monoamine oxidase inhibi 
two weeks 


g patients with known hypersensitivity to this drug 
0 patients with narrow-angle glaucoma 


o patients with suspicious, undiagnosed skin lesions or a E 
of melanoma 


1. Hoehn, M.M.M.: Parkinsonism treated with levodopa: Progression and r 
J. Neural Transm. Suppl. 19:253-264, 1983. 


For a Brief Summary of Prescribing information, please see next page of th 
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Dosage Guidelines 

Individualized dosage—a key to clinical 
success with SINEMET 

€ begin when symptoms first interfere with 
normal function 

€ adjust as necessary to help maintain relief 
of symptoms 


For initial therapy... 
Start with: 


SINEMET 25-100 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
400 mg levodopa 


one tablet t.i.d. 


If necessary, to control symptoms, dosage 
may be increased by one tablet every day or 
every other day until a dosage of six tablets of 
SINEMET 25-100 a day is reached. 


When it is evident that patients 
need more levodopa... 
Transfer to: 


SINEMET 25-250 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
250 mg levodopa 


one tablet t.i.d. 


If still more levodopa is necessary, dosage 
with SINEMET 25-250 may be increased by 
one-half to one tablet every day or every 
other day to a maximum of eight tablets a day. 


When individualizing dosage... 
Titrate with: 


SINEMET 10-100 


containing 10 mg carbidopa 
(anhydrous equivalent) and 
400 mg levodopa 


oR SINEMET 25-100 
or SINEMET 25-250 


The optimum daily dosage of SINEMET must 
be determined by careful titration in each 
patient. Tablets of the three strengths may be 
given separately or combined as needed to 
provide the optimum daily dosage. 


For patients transferred 


from levodopa 

DISCONTINUE LEVODOPA AT LEAST 

8 HOURS BEFORE STARTING SINEMET. 
The starting dose for SINEMET should pro- 
vide about 25 percent of previous levodopa 
requirements. (Patients receiving less than 
1500 mg of levodopa a day should be started 
on one tablet of SINEMET 25-100 t.i.d. or q.i.d.) 


For full details on dosage and 
administration, see Prescribing 
Information. 





When SINEMET is to be given to patients who are 
being treated with levodopa, levodopa must be 
discontinued at least 8 hours before therapy with 
SINEMET is started. In order to reduce adverse 
reactions, it is necessary to individualize therapy. 
See the Warnings (below) and Dosage and 
Administration sections in the Prescribing Infor- 
mation before initiating therapy. 


Contraindications: MAO inhibitors and SINEMET 
should not be given concomitantly. MAO inhibitors must 
be discontinued at least 2 weeks prior to initiating ther- 
apy with SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle 
glaucoma. 

Because levodopa may activate a malignant 
melanoma, it shouid not be used in patients with sus- 
picious, undiagnosed skin lesions or history of 
melanoma. 


Warnings: Levodepa must be discontinued at least 8 
hours before SINEMET is started. SINEMET should be 
substituted at a dosage that will provide approximately 
25 percent of the previous levodopa dosage. (See Dos- 
age and Administration section of Prescribing Informa- 
tion) Patients taking SINEMET should be instructed not 
to take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary 
movements and mental disturbances. These reactions 
may be due to increased brain dopamine following 
administration of levodopa. All patients should be 
observed carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution 
patients with past or current psychoses. Because car- 
bidopa permits more levodopa to reach the brain and, 
thus, more dopamine to be formed, dyskinesias may 
occur at lower dosages and sooner with SINEMET than 
with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to 
patients with severe cardiovascular or pulmonary dis- 
ease, bronchial asthma, renal, hepatic or endocrine 
disease. 

Exercise care in administering SINEMET, as with 
levodopa, to patiemts with history of myocardial infarc- 
tion who have residual atrial, nodal, or ventricular ar- 
rhythmias. In such patients, cardiac function should be 
monitored with particular care during period of initial 
dosage adjustment, in a facility with provisions for 
intensive cardiac care. 

As with levodopa, there is possibility of upper Gl 
hemorrhage in patients with history of peptic ulcer. 

A symptom complex resembling the neuroleptic 
malignant syndrome including muscular rigidity, ele- 
vated body temperature, mental changes, and 
increased serum creatine phosphokinase has been 
reported when antiparkinsonian agents were with- 
drawn abruptly. Therefore, patients should be observed 
carefully when the dosage of SINEMET is reduced 
abruptly or discomtinued. especially if the patient is 
receiving neuroleptics. 

Usage in Pregnancy and Lactation: Although 
effects of SINEMET on human pregnancy and lactation 
are unknown, both levodcpa and combinations of car- 
bidopa and levodopa have caused visceral and skeletal 
malformations in rabbits. Use of SINEMET in women of 
childbearing potential requires that anticipated benefits 
of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to 
nursing mothers. 

Usage in Children: Safety of SINEMET in patients 
under 18 has not been established. 


Precautions: As with levodopa, periodic evaluations of 
hepatic, hematopoietic, cardiovascular, and renal func- 
tion are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular 
pressure is well controlled and patient is monitored 
carefully for changes in intraocular pressure during 
therapy. l 

Laboratory Tests: Abnormalities in laboratory tests 
may include elevations of liver function tests such as 
alkaline phosphatase, SGOT (ALT), SGPT (AST), lactic 
dehydrogenase, and bilirudin. Abnormalities in protein- 
bound iodine, blood urea nitrogen, and positive 
Coombs test have also been reported. Commonly, 
levels of blood urea nitrogen, creatinine, and uric acid 





are lower during administration of SINEMET than with 
levodopa. 

SINEMET* (Carbidopa-Levodopa, MSD) may 
cause a false-positive reaction for urinary ketone bodies 
when a test tape is used for determination of ketonuria. 
This reaction will not be altered by boiling the urine 
specimen. False-negative tests may result with the use 
of glucose-oxidase methods of testing for glucosuria. 

Drug Interactions: Caution should be exercised 
when the following drugs are administered concomi- 
tantly with SINEMET 

Symptomatic postural hypotension can occur 
when SINEMET is added to the treatment of a patient 
receiving antihypertensive drugs. Therefore, when ther- 
apy with SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. For patients 
receiving monoamine oxidase inhibitors, see 
CONTRAINDICATIONS. 

There have been rare reports of adverse reactions, 
including hypertension and dyskinesia, resulting from 
the concomitant use of tricyclic antidepressants and 
SINEMET. 

Phenothiazines and butyrophenones may reduce 

the therapeutic effects of levodopa. In addition, the 
beneficial effects of levodopa in Parkinson's disease 
have been reported to be reversed by phenytoin and 
papaverine. Patients taking these drugs with SINEMET - 
should be carefully observed for loss of therapeutic 
response. 
Adverse Reactions: Most common serious adverse 
reactions occurring with SINEMET are choreiform, dys- 
tonic, and other involuntary movements. Other serious 
adverse reactions are mental changes including para- 
noid ideation and psychotic episodes, depression with 
or without development cf suicidal tendencies, and 
dementia. Convulsions also have occurred; however, a 
causal relationship with SINEMET has not been 
established. 

A common but less semous effect is nausea. 

Less frequent adverse reactions are cardiac irregu- 
larities and/or palpitations, orthostatic hypotensive 
episodes, bradykinetic episodes (:he "on-off" phenom- 
enon), anorexia, vomiting, and dizziness. 

Rarely, GI bleeding, development of duodenal ulcer, 
hypertension, phlebitis, hemolytic and non-hemolytic 
anemia, thrombocytopenia, leukopenia, and agranulo- 
cytosis have occurred. 

Laboratory tests which have been reported to be 
abnormal are alkaline phosphatase, SGOT (ALT), SGPT 
(AST), lactic dehydrogenase, bilirubin, blood urea nitro- 
gen, protein-bound iodine, and Ccombs test. 

Other adverse reactions that have been reported 
with levodopa are: Nervous System: ataxia, numbness, 
increased hand tremor, muscle twitching, blepharo- 
spasm (which may be taken as an early sign of excess 
dosage, consideration of dosage reduction may be 
made at this time), trismus, activation of latent Horner's 
syndrome. Psychiatric: confusion, sleepiness, insom- 
nia, nightmares, hallucinations, delusions, agitation, 
anxiety, euphoria. Gastrointestinal: dry mouth, bitter 
taste, sialorrhea, dysphagia, bruxism, hiccups, abdomi- 
nal pain and distress, constipation, diarrhea, flatulence, 
burning sensation of tongue. Metebolic: weight gain or 
loss, edema. Integumentary: lushing, increased 
sweating, dark sweat, skin rash, loss of hair. Genitouri- 
nary: urinary retention, urinary incontinence, dark urine, 
priapism. Special Senses: diplopia, blurred vision, 
dilated pupils, oculogyric crises. Miscellaneous: weak- 
ness, faintness, fatigue, headache, hoarseness, 
malaise, hot flashes, sense of stimulation, bizarre 
breathing patterns, neuroleptic malignant syndrome. 
Overdosage: Management of acute overdosage with 
SINEMET is basically the same as management of 
acute overdosage with levodopa; however, pyridoxine 
is not effective in reversing the actions of SINEMET. 
How Supplied: Tablets SINEMET 10-100, SINEMET 
25-100, and SINEMET 25-250 are supplied in bottles of 
100 and unit dose packages of 100. 

Storage 

Tablets SINEMET 10-100 and tablets SINEMET 25-250 

must be protected from light. 1185(DC 6834814) 

MSD For more detailed information, 
consult your MSC Representa- 

= tive or see Prescribing Informa- 





EN K tion. Merck Sharp & Dohme, 
& Division of Merck & Co, INC., 


West Point, PA 19486 
















MIDAS REX INSTITUTE 
LOS ANGELES/ANAHEIM MANUS ON WORKSHOPS 
“Modern Dissection Techniques Of Bone, Bioplastics and Biometals" 


FEBRUARY 2-3-4 Neurosurgical Symposia (NEURO 700) 


MARCH 26-27-28: 30-31-Apr.1 MAY 11-12-13 JULY 23-24-25 
APRIL 22-23-24 JUNE 1-2-3 AUGUST 31-Sept. 1-2 


The Worxshaps wii emphasize a series of hands-on exercises, utilizing appropriate animal bones, skeletal bones, 
biop'astics and bicmetals for dissection in the cranium and spine. Methylmethacrylate and biometals as they relate 
to neuroasurcery will also be considered. 


The Midas Rex Hands-On Workshops will be held each day from 7:00 am to 1:00 pm at the permanent instruc- SEASDO 
tional facility 625 West Katella, Unit 22, Orange, California. The afternoons and evenings are free to enjoy some | 
of the many attractions that the Anaheim area has to offer such as: 


SIGHTSEBING—Disneyland, Knott's Berry Farm with 165 attractions and rides, Movieland, Pacific Amphi- 
theatre which is Orange County's outdoor theater. Other convenient attractions are NBC 

Studios ABC Studios, Marineland, San Diego Zoo, Sea World in San Diego and the * cR SS BEE 
beaches which are 20 minutes away. EE i nno 
SPECTATOR SPOFTS—Baseball with the California Angels, football with the Los : ; 
Angeles Rams, and horse racing at Los Alamitos and Santa Anita. 


PARTICIPANT SPORTS—Golf, tennis, racquetball, swimming, and sport fishing 
off the California coastline. 


FOOD-—5.000 restaurants in Orange County are serving everything from 
Continental to ethnic cuisine. Fifty percent of the restaurants have re- 
ceived the Southern California Restaurant Writers award. 


ENROLLMENT: 
Send letter and check payable to “Los Angeles/Anaheim Symposium.” 
Please indicate thecates of the symposium you would like to attend. 
Surgeom—WS $965.00; Resident-US $585.00 (with letter from 
Department Head; OR/Tech/Ass't.—US $250.00. Mail to: 


Micas Fex institute, 3001 Race Street, Fort Worth, Texas 76111 
Phone (800) 433-7639, In Texas: (817) 831-2604 
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April 30 - May 1-2, 1987 
“Modern Dissection Techniques Of Bone, Biometals and Bioplastics” 


(Immediately preceding the A.A.N.S. meeting.) 


A Neurosurgical Symposium 
(NEURO 700) 
sponsored by the 


MIDAS REX INSTITUTE 





COURSE DIRECTORS: Phillip E. Williams, Jr., M.D.; Norman McDaniel, Ph.D.; Susan Mitchell, Ed.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: ACCOMMODATIONS: 
The Midas Rex Hands-On Workshop will be held each day from The Regent Hotel, 1241 West Mockingbird Lane, Dallas, Texas 
7:30 &.m. to 1:30 p.m. The workshop will emphasize a series of | 75247. Phone (214) 630-7000. 
hancs-on exercises, utilizing appropriate animal bones, skeletal ENROLLMENT: 
bones. broplassics and biometals for dissection in the cranium Send letter and check payable to "Dallas Symposium” Surgeon— 
and soime. Mehylmethacrylate and biometals as they relate to yg $965.00; Resident—US $585.00 (with letter from Department 
neurosurgery will also be considered. Head); OR/Tech/Ass't.— US $250.00. Write to: 
Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 76111, 
Phone: (800) 433-7639, In Texas: (817) 831-2604. 
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Send manuscripts by first-class mail to Robert J. Joynt, 
MD, University of Rochester School of Medicine and 
Dentistry, 601 Elmwood Ave, Rochester, NY 14642. Manu- 
scripts are received with the understanding that they are 
not under simultaneous consideration by another publica- 
tion. Accepted manuscripts become the permanent proper- 
ty of the ARCHIVES and may not be published elsewhere 
without permission from the publisher (AMA). 


In addition, in view of The Copyright Revision Act of 1976, 
effective Jan 1, 1978, transmittal letters to the editor should 
contain the following language: “In consideration of the Ameri- 
can Medical Association’s taking action in reviewing and editing 
my submission, the author(s) undersigned hereby transfers, 
assigns, or otherwise conveys all copyright ownership to the 
AMA in the event that such work is published by the AMA.” We 
regret that transmittal letters not containing the foregoing 
language signed by all authors of the submission will necessitate 
delay in review of the manuscript. 


Author Responsibility.— All accepted manuscripts are 
subject to copy editing. The author will receive an edited 
typescript rather than galley proofs for approval. The 
author is responsible for all statements in his work, 
including changes made by the copy editor. 

Designate one author as correspondent and previde his 
address and telephone number. Order reprints at the time 
the typescript is returned after editorial processing. Spec- 
ify address to which requests for reprints should be sent. 


Manuscript Preparation.—Submit an original typescript 
and two high-quality copies of the entire manuscript. All 
copy (including references, legends, and tables) must be 
typed double-spaced on 21.6 X 27.9-em (8% x 11-in), 
heavy-duty white bond paper. Ample margins of at least 
2.5 em (1 in) should be provided. If a word processor is used, 
do not justify right-hand margins. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not 
be used in the text, tables, or illustrations. 


Titles.— Titles should be short, specific, and clear. They 
should not exceed 42 characters per line, including punc- 
tuation and spaces, and be limited to two lines, if possible. 
The title page should include the full names and academic 
affiliations of all authors, the address to which requests 
for reprints should be sent, and, if the manuscript was 
presented at a meeting, the name of the organization, 
place, and date on which it was read. 


Style of Writing.— The style of writing should conform to 
acceptable English usage and syntax. Slang, medical jar- 
gon, obscure abbreviations, and abbreviated phrasing are 
to be avoided. 


Informed Consent. — Manuscripts reporting the results of 
experimental investigations of human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 


Abstract. — Provide an abstract (135-word maximum) of 
the article, including statements of the problem, method of 
study, results, and conclusions. The abstract replaces the 
summary. 


References.— List references in consecutive numerical 
order (not alphabetically). Once a reference is cited, all 
subsequent citations should be to the original number. All 
references must be cited in the text or tables. Unpublished 
data and personal communications should not be listed as 
references. References to journal articles should include 
(1) author(s), (2) title, (3) journal name (as abbreviated in 
Index Medicus), (4) year, (5) volume number, and (6) 
inclusive page numbers, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), 
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(6) publisher, and (7) year. Volume and edition numbers, 
specific pages, and name of translator should be included 
when appropriate. The author is responsible for the accu- 
racy and completeness of the references and for their 
correct text citation. 


Metrication (and SI Units). — All measurements must be in 
metric units, with Systéme International (SI) unit equiva- 
lents given parenthetically, in accordance with AMA poli- 
cy. (See June 1986 issue of the ARCHIVES.) 


Illustrations.—Use only those illustrations that clarify 
and augment the text. Submit illustrations in triplicate, 
unmounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Magnification and stain 
should be provided when pertinent. Illustrations should 
preferably be in a proportion of 12.7 X 17.3 cm (5 X 7 in). 

An experienced medical illustrator should be employed 
whenever possible for the preparation of all artwork. 
Template lettering or preset type is preferred to hand- 
lettered labels. If halftone artwork with labels is submit- 
ted, affix type and leaders to a clear acetate overlay 
registered to the base drawing. Labels and leaders should 
be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if 
the editors believe that color will add significantly to the 
published manuscript. The ARCHIVES will pay part of the 
expense of reproduction and printing color illustrations, 
the remainder to be borne by the author or his sponsor. 
After deducting the ARCHIVES’ contribution, the author's 
share is $400 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author 
at cost. Positive color transparencies (85 mm preferred) 
must be submitted for an evaluation. Do not send color 
prints unless accompanied by original transparencies. All 
transparencies should be carefully packed and sent with 
the manuscript. 


Legends.— Legends should be typed double-spaced, begin- 
ning on a separate sheet of paper. Length should be limited 
to a maximum of 40 words. 


Photographic Consents.— A letter of consent must accom- 
pany all photographs of patients in which a possibility of 
identification exists. It is not sufficient to cover the eyes to 
mask identity. 


Acknowledgments.— Illustrations from other publications 
must be acknowledged. Include the following when appli- 
cable: author(s), title of article, title of journal or book, 
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Spontaneous Carotid Dissection With Acute Stroke 


Julien Bogsusslavsky, MD; Paul-André Despland, MD; Franco Regli, MD 


€ Thirty @.5%) of 1200 consecutive 
patients with a first stroke had a sponta- 
neous dissection with occlusion of the 
cervical imternal carotid artery (ICA). A 
suggestive picture with ipsilateral head- 
ache and »culosympathetic paresis was 
uncommon (17%), so that diagnosis was 
uncertain before angiography. Seven 
patients ded within one week. During 
follow-up ‘mean, 3.2 years) with sequen- 
tial Doppiz* aftrasonographic testing, 12 
survivors wae a good recovery and early 
reapening of the occluded ICA, and 11 
had a poor recovery usually without 
recpening 5: the ICA. Recurrence of a 
dissection oecurred in only one patient. 
Large infarcts causing death or a severe 
disability were associated with an ICA 
thrombus ane distal emboli; the organiza- 
tion of the intraluminal thrombosis may 
explain the absence of reopening in these 
cases while :esorption of the intramural 
hematoma jeweloped. Early heoarin sodi- 
um therapy msy help prevent intraluminal 
clotting witscut carrying an important risk 
of extending the dissection, but its clini- 
cal benefit semains unproven. Contrary to 
current oomwens, ICA dissection with 
occiusion causing cerebral infarction may 
often carry a severe prognosis. 

(Arch Neurol 1987;44:137-140) 


Dissectien «f the extracrarial inter- 

nal carotid artery (ICA) is called 
spontaneeus when there is no history 
of local trauma. Although rarely 
reported before 1970, it is now consid- 
ered to be 2 not uncommon vascular 
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disease; in fact, a recent review ana- 
lyzed more than 200 published cases.’ 
However, to our knowledge, the clini- 
cal and prognostic characteristics of 
acute stroke due to extracranial ICA 
dissection have not been studied. We 
have studied 30 patients with an acute 
stroke due to extracranial dissection, 
with special reference to clinical out- 
come and evolution of the dissection. 


PATIENTS AND METHODS 


Of 1200 patients admitted consecutively 
over six years for a first stroke, 30 (2.5% ) 
showed no detection of the ipsilateral ICA 
on Doppler ultrasonography and a tapered 
occlusion of the cervical ICA on angiogra- 
phy suggesting spontaneous dissection 
(wall irregularities, eventual double lu- 
men, or outpouching). This proportion is 
accurate, as every patient with an acute 
stroke admitted to our department under- 
goes a standard protocol of investigations, 
including brain computed tomography and 
Doppler ultrasonography with spectral 
frequency analysis. Cerebral angiography 
is also performed for patients under 65 
years of age. This figure is also representa- 
tive of the proportion of dissection in our 
local stroke population, because our hospi- 
tal is the only public hospital and acute 
care facility in the Lausanne (Switzerland) 
area and all stroke patients below 70 years 
of age admitted to the hospital are system- 
atically referred to our department, the 
sole neurology inpatient facility in the 
county. 

All patients with a possible posttrau- 
matic dissection were excluded from this 
study. Patients with isolated headaches or 
transient ischemic attacks (TIAs) due to 
ICA dissection were not considered. After 
ICA occlusion due to spontaneous dissec- 
tion was diagnosed, the patients were fol- 
lowed up regularly for functional evalua- 
tion and with sequential Doppler ultrason- 
ographic testing at 1, 2, and 4 weeks, 6 
months, and yearly thereafter, to detect a 
possible reopening of the initially occluded 
ICA. Follow-up angiograms are not per- 


formed currently, for ethical reasons and 
because Doppler ultrasonographic testing 
is an accurate measurement of flow- 
disturbing lesions of the cervical ICA. 

Mean follow-up was 38.2 months (range, 
eight to 75 months) in the patients who 
survived the acute phase. Five categories 
of outcome were used: (1) no permanent 
deficit, (2) permanent deficit with no or 
only mild disability (patient can resume 
his or her previous activities), (3) perma- 
nent deficit with disability (patient cannot 
resume his or her previous activities), (4) 
permanent deficit with severe disability 
(patient is partially or totally dependent 
for activities of daily living), and (5) death. 
Preliminary findings on the first 14 
patients have been reported.’ 


RESULTS 


There were 16 men and 14 women, 
with a mean age of 41.2 years (range, 
21 to 63 years). One patient was 
known to have hypertension. Eleven 
patients were current cigarette smok- 
ers (>10 cigarettes per day for more 
than two years in all). No patient had 
diabetes mellitus, but one was treated 
for an elevated fasting serum choles- 
terol level. Three patients were com- 
mon migraine sufferers, and one had 
classic migraine. Among the 11 pre- 
menopausal women, five were using 
oral contraceptives, and one was a 
former user. Three patients had a 
history of heart disease, one had idio- 
pathic atrial fibrillation, one had a 
compensated cardiac failure, and one 
had suffered a myocardial infarct six 
years before the present admission. 
Another patient had a midsystolic 
click on auscultation, and echocardi- 
ography demonstrated a mitral valve 
prolapse. Another patient without 
heart disease had previously suffered 
an acute obstruction of the radial 
artery, and one had been treated for 
myelogenic leukemia. 
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Presenting Manifestations 


Five patients had experienced TIAs, 
either’ in the hemisphere (four 
patients) or eye (one patient) ipsilat- 
eral to the infarct. In four patients, 
the first TIA had occurred two to ten 
years previously, and one patient suf- 
fered an isolated TIA one month 
before the stroke. No patient had 
more than three TIAs, which had a 
mean duration of one hour. The first 
manifestations of stroke are summa- 
rized in Table 1. Headache was the 
most common presenting symptom, 
occurring in 15 patients before any 
neurologic deficit (in five patients, for 
more than 24 hours) the headache 
and neurologic deficit were simulta- 
neous in two patients, and the neuro- 
logic deficit preceded the headache in 
one patient. The frontal region was 
involved in 14 of the 18 patients who 
had a headache (Table 2). Two 
patients had a purely posterior head- 
ache, and two had an isolated lateral 
neck pain ('"carotidynia"). The first 
symptoms appeared shortly after an 
intense emotion in two patients and 
after physical exertion in three (bicy- 
cle riding in two and jogging in one, 
with no history of neck trauma). The 
characteristics of neurologic and ocu- 
lar involvement appear in Table 3. 
Nearly two thirds of the patients had 
a progressive or fluctuating onset of 
stroke. Eleven patients had decreased 
consciousness on admission. One 
patient had a retinal infarct, and one 
an infarct of the optic nerve head 
associated with cerebral infarction. 
Ipsilateral Horner’s syndrome was 
observed in only 20% of the patients. 
The cerebral infarct involved both the 
superficial and deep territory of the 
middle cerebral artery in nearly half 
of the patients (Table 4), and its vol- 
ume was larger than 100 mL on com- 
puted tomography (confirmed at 
autopsy in three patients) in one third 
of the patients. 


Radiologic Appearance of Dissection 


The left ICA was involved in 13 
patients, the right ICA was involved 
in 16 patients, and the dissection was 
bilateral in one patient. The occlusion 
was situated between 2 and 5 cm 
above the carotid bifurcation. A dou- 
ble lumen was seen in one patient and 
a pseudoaneurysm in one. Parietal 
irregularities were commonly seen in 
all patients, but wall abnormalities on 
the ipsilateral or contralateral ICA 
suggesting an underlying fibromuscu- 
lar dysplasia were observed in only 
four patients. Occlusion of intracere- 
bral branches ipsilateral to the dissec- 
tion suggesting distal embolization 
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Table 1.—Initial Symptoms of Stroke 


No. of 

Symptom Patients 
Headache* 
Headache* and monocular 

blindness 
Headache* and neurologic 

deficit 
Neurologic deficit 
Monocular blindness 
Monocular blindness and 

tinnitus 
Vomiting 





* Included neck pain. 


Table 2.— Site of Head and Neck Pain 


No. of 
Site Patients 


Ipsilateral 
Fronto-orbital 
Frontotemporal 
Frontoparietal and neck 
Frontal and neck 
Parietal 
Hemicranial 
Hemicranial and jaw 
Occipital 
Neck 
Bilateral 
Diffuse 
Frontotemporal 
Alternating hemicranial 
Total 
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was seen in seven of the 19 patients in 
whom it could be assessed angio- 
graphically. 


Functional Outcome 


Nineteen patients were treated with 
intravenous heparin sodium for one or 
two weeks and then with oral aceno- 
coumarol for six to 12 months. Two 
patients were also treated with hep- 
arin and were :hen given aspirin 
(1 g/d) for one year. Two patients with 
a large infarct who survived did not 
receive anticoagulation but received 
aspirin for one year. Seven other 
patients with a large infarct received 
only antiedema therapy (dexametha- 
sone) and hemodilution (dextran 40). 
These seven patients, who had the 
largest infarcts, died two to six days 
(mean, four days) after admission. An 
autopsy was performed in three of the 
patients, and findings showed that the 
dissected ICA was also thrombosed. 
Among the survivors, the maximal 
functional recovery was obtained 
within six months. Four patients had 
no neurologic residuum (group 1), 
eight had sequelae but could return to 
work (group 2), nine were unable to 
resume their previous activities 
because of severe disability (group 3), 
and two continued to require total 
care (group 4). During follow-up, no 
late death was observed. One patient 





Table 3.—Neurologic and 
Ophthalmologic Deficits 


No. of 
Patients 








Deficit 
Type of onset 

























Completion within minutes 11 
Progression within 24 
hours z 
Progression over 24 
hours * 7 
Fluctuation within 24 
hours 5 
Neurologic deficit 
Motor 7 
Sensory 2 
Motor and sensory 12 
Motor, sensory, and 
visual field 9 
Monocular blindness 
Transient 3 







Permanent 2 
Oculosympathetic paresis 







* Mean time of progression wes 48 hours. 


Table 4.—infarct on 
CT Scan or at Autopsy* 


Territory No. of 

Involved Patients 
Total MCA 
Total MCA and ACA 2 









Superficial MCA 8 
Deep MCA 5 
Infarct not seen 2 
CT not donet 1 





* CT indicates computed tomography; MCA, mid- 
dle cerebral artery; and ACA, anterior cerebral 
artery. 

fPatient died before CT could be performed. 


had a further ipsilateral infarct 32 
months after the first stroke, which 
corresponded to a recurring ICA dis- 
section on angiography. No further 
ischemic event occurred in the other 
patients. Two patients complained of 
intermittent headache, which was not 
present before the dissection, but no 
other event was reported. None of the 
five survivors who had Horner's syn- 
drome had a residual oculosympathet- 
ic dysfunction six morths after the 
stroke. 


Evolution of ICA Dissection 


Reopening and subsequent normal- 
ization of the ICA flow on Doppler 
testing was observed in 13 of the 23 
survivors (Table 5). These changes 
occurred within six months of the 
dissection. No reopening of a still 
occluded ICA was seen thereafter. In 
five patients, reopening occurred 
within the first week, and 11 of the 13 
patients who reopened their ICA did 
so within the first month. A pattern 
of occlusion evolving toward a steno- 
sis and toward normalization of the 
flow was observed in nine patients, 
and normalization of the occluded 
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Table 5.—Follow-up of Dissected Internal Carotid Artery 
by Doppler Angiography With Spectral Analysis 


Find 


Follow-up in 23 Survivors 


6 >6 
Months Months 


ing e 


Ssenosis to-normal flow eMe 1 


Recurrssce-of dissection 
with czciusion 


No Disabling 


Deficit 


Distal intracerebral 
*mbolif + 


Tetal lóCA infarctt 
Decreasec eonsciousness 
on admission 
ICA reapenedt 
At 1 week 
At 2 weeks 
At 4 weeks 
At G6 months 


Leer repeated occlusion 
‘recurrence of 
dissection) 





3 5 xe 


No. of Patients in Category 
———————————————————— 


Permanent Disabling 
Deficit 


* MCA indicates middle cerebral artery; ICA, internal cerebral artery. 
TWeen iatracerebral circulation was assessed (on angiography in 19 patients and at autopsy in three 


patienss). 


Significant difference between group 1 and groups 2 and 3 (P < .05, x? test). 


ICA without detection of an interme- 
diate stage of stenosis was seen in 
four patients. Four patients also had 
follow-up anziograms, with confirma- 
tion of the Doppler findings. All 
patients whe reopened their occluded 
ICA and eight of the ten patients who 
did aot received early intravenous 
heparin. The patient who suffered a 
new streke during follow-up had a 
reeurring ICA dissection on angiogra- 
phy; on previous Doppler testing, the 
dissected ICA had reopened with flow 
normalization. 


Definition of Three 
Catecories of Prognosis 


The analysis of the clinical charac- 
teristics anc outcome suggests that 
three prognostic categories can be 
outlined Table 6). In the first catego- 
ry (12 patients), functional recovery 
was good, with early reopening of the 
occluded ICA; eerebral infarcts were 
small anc evidence for distal emboli- 
zation was seldom. One of these 
patients suffered a new stroke during 
follow-up but had a very good func- 


Arch Beur».— Vol 44, Feb 1987 


tional recovery. In the second catego- 
ry (11 patients), functional recovery 
was poor and reopening of the ICA 
was exceptional; cerebral infarcts 
were larger; and distal emboli were 
often visible on angiography. The 
patients of the third category (seven 
patients) died rapidly because of a 
very large hemisphere infarct with 
brain-stem compression; evidence for 
distal embolization was also common- 
ly found. Decreased consciousness on 
admission was a good predictor of a 
poor outcome, ie, death or permanent 
disability (P < .05, x? test, Table 6). No 
difference was found between these 
three categories for age, sex, risk fac- 
tors, previous TIAs, prodromes, type 
of stroke onset, presence of monocular 
blindness or oculosympathetic pare- 
sis, and radiologic appearance. 


COMMENT 


Spontaneous dissection of the 
extracranial ICA develops within the 
tunica media and may occur on an 
underlying vascular disease, such as 
fibromuscular dysplasia.” We found 


this association in 13% of our 
patients, which compares with the 
figure of 14% from a recent study." 
The mean age of our patients (41 
years) is also similar to that reported 
in previous series.’'*” Extracranial 
ICA dissection may present with 
paralysis of cranial nerves, oculosym- 
pathetic palsy, headache or facial or 
neck pain, and cerebral or retinal 
symptoms.'"* Review of the litera- 
ture suggests that one third to one 
half of the patients suffer a stroke, 
which may be preceded by a TIA in 
one fifth of the patients." A diagno- 
sis of ICA dissection may be evoked 
when the stroke is associated with 
ipsilateral headache and Horner’s 
syndrome, but this association is 
uncommon, since we found it in only 
five patients. In less typical cases, 
which are the majority, angiography 
is thus necessary to make the diagno- 
sis; Doppler ultrasonography may 
show a stenosis or an occlusion, but 
these findings are not specific and 
angiography is still required. On the 
other hand, Doppler testing consti- 
tutes the ideal technique to study seri- 
ally the dissected ICA, as it is nonin- 
vasive and can be repeated as many 
times as necessary. 

Sequential Doppler testing showed 
a reopening of the occluding dissec- 
tion in 57% of the patients who sur- 
vived the acute stroke. Most recanali- 
zations occurred within the first 
month, but some occurred within the 
first days. Improvement or normal- 
ization of the angiographic aspect has 
been reported previously in ICA dis- 
section, ^*/1/25 but the time of recana- 
lization was not established because 
no sequential study was done. More- 
over, only selected patients underwent 
an angiogram during follow-up, which 
may have biased the percentages of 
recanalization reported. The results of 
our study suggest that sequential 
Doppler examination should be done 
systematically and early in patients 
with ICA dissection. One patient was 
unique in that he had a recurrence of 
the ICA dissection with a minor 
stroke 32 months after the presenting 
stroke and 29 months after the initial 
dissection was recanalized. However, 
our series and review of the literature 
suggest that recurrence of an ICA 
dissection is extremely rare. 

There is some controversy sur- 
rounding the prognosis of extracrani- 
al ICA dissection. Many authors have 
reported a nonnegligible mortality,“ 
but others have emphasized the “be- 
nign" nature of ICA dissection.* Two 


*References 8, 11, 14, 15, 19, 25, 35-38. 
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recent studies reported no death and a 
good recovery in more than 85% of the 
patients.''** This discrepancy may be 
explained by the fact that the series 
reporting a good outcome were com- 
posed mainly of patients without 
stroke, whereas an early death or 
severe neurologic sequelae reported in 
other patients were due to massive 
cerebral infarcts. Our findings show 
that stroke due to an occluding dissec- 
tion of the extracranial ICA may not 
be called a “benign” event, as 23% of 
the patients died within one week and 
48% of the survivors were unable to 
resume their previous activities 
because of severe neurologic impair- 
ment. Because of the pattern of refer- 
ral to our center, which is the sole 
acute stroke facility in the area of 
Lausanne, Switzerland, we believe 
that these figures are not influenced 
by a selection bias, which was obvious 
in most reported series. 

A good functional outcome was 
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associated with early reopening of the 
occluding dissection and smaller cere- 
bral infarction, whereas a poor out- 
come was associated with a persisting 
ICA occlusion; larger infarcts, with a 
decreased consciousness on admis- 
sion; and evidence of distal cerebral 
emboli. In the three patients in whom 
autopsy was performed, an intralumi- 
nal thrombus occluding the ICA was 
found; this local thrombosis may 
explain the occurrence of distal embo- 
lization as well as the absence of later 
ICA recanalization because the 
thrombus later became organized and 
fibrous. When no thrombus forms, 
distal embolization is unusual and 
reopening occurs because the lumen is 
only “functionally” occluded by the 
intramural hematoma; the ICA flow 
resumes when the intraparietal blood 
is eliminated and the artery progres- 
sively normalizes. Although no con- 
clusion on the value of anticoagulant 
therapy can be drawn from our study 
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Eye-Movement Disorders in 
Brair-Stem and Cerebellar Stroke 


Julien Begousslavsky, MD, Otmar Meienberg, MD 


€ Vertebrobasilar strokes can yield 
varied disturbances of eye movements, 
by affecting specific centers and path- 
ways contained in the brain stem and 
cerenellum. Jnique disorders combining 
supranuciear, nuclear, and infranuclear 
syndromes may occur. Some eye-move- 
men! abmormalities are useful localizing 
signs (eg, caze palsies, rotatory nystag- 
mus, and ipsilateral saccadic bias), but 
man* others are not The use of tech- 
niques suchses magnetic resonance imag- 
ing may provide new insights in 
clinicotopographic correlations in pa- 
tients with cod recovery, in the absence 
of pathologic verification. 

(Asch Neuro! 1987;44:14 1-148) 


[Disorders of eye movements are 

eommcr in vertebrobasilar 
strokes beeause the brain stem and 
cerebellum eontain a large number of 
structures selonging to the oculomo- 
tor srstem.Since many of these struc- 
tures have specific functions and are 
relat:vely small, careful clinical anal- 
ysis of eye movements often allows 
exact conelusions about the localiza- 
tion and siz=of a lesion. Such a precise 
topographie diagnosis is particularly 
useful in the early stage of a stroke, 
wher computed tomography usually 
yields norma! results, and it also con- 
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stitutes a solid basis for monitoring 
the clinical course of the stroke. An 
overview of the most important struc- 
tures of the brain-stem ocular motor 
system is given in Fig 1. The physio- 
logic correlates of the anatomic struc- 
tures will not be discussed here, as 
extensive reviews can be found else- 
where.'* The scheme (Fig 1) is con- 
fined to those structures the lesion of 
which produces characteristic eye- 
movement disorders of high-localiz- 
ing value. Although nystagmus fre- 
quently occurs in acute vascular 
lesions of the brain stem or cerebel- 
lum, its localizing value is generally 
limited. 

In the brain stem, the following 
three different levels of involvement 
can be defined: the supranuclear, 
nuclear, and infranuclear levels.'* At 
the supranuclear level, the ocular 
motor subsystems (pursuit, saccadic, 
vestibular, and vergence) can be selec- 
tively affected. For example, in verti- 
cal gaze palsy, voluntary upgaze can 
be abolished, while the eyes can be 
fully moved upward by the vestibulo- 
ocular reflex (elicited by a fast down- 
ward movement of the head), or, in 
internuclear ophthalmoplegia (INO), 
the affected eye cannot adduct during 
lateral gaze, while it can normally 
adduct during convergence. Intranu- 
clear ophthalmoplegia, which is, in 
fact, a disorder of the internuclear 
gaze pathways, is the result of a lesion 
of the medial longitudinal fasciculus 
(MLF). Lesions of the paramedian 
pontine reticular formation (PPRF) 
lead to palsies of ipsilateral conjugate 
gaze. Lesions that simultaneously 
affect the PPRF and the ipsilateral 
MLF produce a so-called one-and-a- 





half syndrome.’ In partial PPRF 
lesions, there can be only a slowing of 
the ipsilateral saccades and, some- 
times, a “gaze paretic” nystagmus 
with an exponentialy decreasing 
velocity of the centripetal slow phase. 
Conjugate palsies of vertical gaze are 
either due to bilateral lesions of the 
mesencephalic reticular formation, or 
to a lesion of the poscerior commis- 
sure. Nuclear lesions differ from 
lesions of the corresponding cranial 
nerve, since the motoneurons for the 
individual eye muscles may be specifi- 
cally grouped, as in tae third-nerve 
nucleus* (Fig 1), or sinc? the motoneu- 
rons are intermingled with interneu- 
rons, as in the sixth-nerve nucleus. A 
caudal lesion of the third-nerve nucle- 
us, for example, can cause a complete 
bilateral ptosis with sparing of all 
other extraocular musc:es. A lesion of 
the sixth nerve nucleus produces an 
ipsilateral gaze palsy. Infranuclear 
lesions affect the fasciculi of the 
third, fourth, or sixth nerves before 
they leave the brain stem, and lead to 
the same eye movemen: disorder as a 
peripheral lesion. Therefore, a dis- 
tinction between a fascicular and a 
peripheral lesion is only possible in 
the presence of additional brain-stem 
signs. 


MESENCEPHA_ON 


The arterial territories of the upper 
and lower midbrain ar2 schematized 
in Fig 2, top and botzom left. The 


upper midbrain and th» thalamome-- 


sencephalic junction are supplied 
mainly by the posterior thalamosub- 
thalamic paramedian branches of the 
P, segment of the posterior cerebral 
,* but thé- anterior choroidal 
ee | is. ; 
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Fig 1.— Schematic view of paramedian brain-stem structures involved in horizontal and vertical 
(inset) gaze. Fourth-nerve fibers come from contralateral fourth-nerve nucleus, and MLF comes 
from contralateral sixth-nerve nucleus. MLF indicates median longitudinal fasciculus; riMLF, 
rostral interstitial nucleus of the MLF; PPRF, paramedian pontine reticular formation; and 2 A 


through D refer to sections discussed in Fig 2. 


artery occasionally contributes to this 
supply? In the lower midbrain, the 
following five main territories have 
been found: the median territory 
(third-nerve nucleus, part of MLF), 
supplied by direct twigs coming off 
the basilar tip, the paramedian (third 
intra-axial fibers), intermediolateral 
(part of MLF), and lateral (brachium 
conjunctivum) territories supplied by 
the short circumferential branches of 
P,, and the superior or collicular terri- 
tory supplied by the quadrigeminal 
(long circumferential) branches of the 
superior cerebellar artery (SCA) and 
of P...» 


Thalamomesencephalic 
Junction Syndromes 


Small infarcts (due to emboli from 
the heart or to basilar occlusion?) or 
hemorrhages limited to the region of 
the mesencephalic reticular forma- 
tion (MRF, Fig 1) and posterior com- 
missure give rise to rather specific 
oculomotor disturbances, with major 
involvement of vertical gaze. Upgaze 
palsy, downgaze palsy, and complete 
vertical gaze palsy are usually related 
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to bilateral lesions involving the 
region of the rostral interstitial nucle- 
us of the MLF" (riMLF, Fig 1) and 
posterior commissure.’ Selective 
downgaze palsy seems to be related to 
bilateral involvement of the medio- 
caudal region of the riMLF." On the 
other hand, selective upgaze palsy and 
combined downgaze and upgaze palsy 
may occasionally be due to a unilater- 
al lesion of the MRF involving the 
laterally spreading fibers of the poste- 
rior commissure!'-?/* at least ten such 
pathologically studied cases have been 
reported. [n upgaze palsy due to 
involvement of the posterior commis- 
sure, upward  vestibulo-ocular re- 
sponses are preserved because no ves- 
tibulo-oculomotor fibers travel in the 
posterior commissure.'?^'* Rarely, dis- 
sociation of voluntary, pursuit, and 
reflex movements involvement has 
been reported in downgaze palsy.'?!*' 
Sustained upgaze in downgaze palsy 
and sustained downgaze in upgaze 
palsy are uncommon""*'* distur- 
bances of vestibular mechanisms by 
involvement of the nucleus of Cajal 
may be critieal for the development of 


these phenomena." Other distur- 
bances of vertical eye movements may 
oceur, but are usually much less local- 
izing, for example, skew deviation 
with usually the ips lateral eye up,’ 
seesaw nystagmus,’* palpebral nys- 
tagmus of Pick, and retraction of the 
upper lid or blepharospasm.*'? A head 
tilt may occur if the region of the 
contralateral nucleus of Cajal is 
involved‘ and may incorrectly suggest 
a fourth nerve palsy. 

Disturbances of horizontal eye 
movements may occur, with decrease 
of the contralateral saccades, possibly 
from involvement of the anterior cor- 
ticopontine pathway before its decus- 
sation.?? The  pseudo-sixth-nerve 
palsy corresponds to a slow abducting 
movement during the horizontal 
refixation,” perhaps from an excess 
of convergence tome; convergence- 
retractory nystagmus is common*”; 
organic convergence spasm and paral- 
ysis of convergence or divergence have 
also occasionally been reported.‘ 

The pupils may also be abnormal, 
according to Fisher, a moderate dila- 
tation (4 to 6 mm) suggests a large 
lesion involving the sympathetic as 
well as the parasympathetic fibers, 
whereas a huge dilatation (7 to 10 
mm) suggests selective parasympa- 
thetic involvement; cissociation of the 
light-near reflex is a classic finding. 
While ectopic pupils (corectopia) may 
be suggestive of a midbrain stroke,” 
oval pupils typically correspond to a 
transient phase in progressive injury 
to the oculomotor complex that occurs 
in more diffuse brain damage.” 

In this region, there is very little to 
allow the clinician to differentiate a 
small hemorrhage from a small 
infarct. In hemorrhages with a con- 
spicuous thalamic irvolvement, conju- 
gate eye deviation opposite to the 
lesion (wrong-way eyes) may occur. 
Also, in hemorrhages, sustained 
downgaze may be related to secondary 
hydrocephalus, not to primary dam- 
age due to the MRF.” 


Mesencephalic Syndromes 


Acute vascular lesions limited to 
the midbrain are more often infarcts 
than hemorrhages. These infarcts are 
frequently embolic from the heart.?’8 
They may involve selective arterial 
territories (Fig 2, top and bottom 
right) and give rise to oculomotor 
syndromes, which can be supranu- 
clear (prenuclear), nuclear, and post- 
nuclear (fascicular), with regard to 
the oculomotor «complex nucleus. 
Nuclear lesions of the fourth-nerve 
nucleus or intra-axial fibers are usu- 
ally associated with  third-nerve 
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invelvememt or more extensive pon- 
tomesencephalic strokes.???! 

Prenuclear Syndromes of the Third 
Nerve.—These are related to small 
infarcts in the most caudal territory 
of tne pesterior thalamo-subthalamic 
paramecian arteries or of the anterior 
choroidal artery, when this artery 
con-ribu:es to the blood supply of the 
midbrain.” Typically, a monocular 
paresis cf elevation of the eye contra- 
lateral te the infarct is produced, by 
invelvemsent of the fibers traveling 
from the upper midbrain to the ipsi- 
lateral subnucleus, which innervates 
the contralateral superior rectus.?^ 
Internueear ophthalmoplegia is fre- 
quent, because of involvement of the 
MLF just before it reaches the oculo- 
moter complex nucleus.” Bilateral 
ptosis caa oecur and is probably relat- 
ed t partial damage to the central 
caucal mucieus." In rare cases, the 
aspect e- a "vertical one-and-a-half 
syncrom=" may be produced when the 
lesion extemds toward the upper mid- 
brain, with apgaze palsy and monocu- 
lar Gowngaze palsy, or downgaze palsy 
and monocular upgaze palsy. A 
monoculer paresis of elevation has 
beer reperted in an ipsilateral infarct 
of the anterior choroidal artery terri- 
tory.” but the explanation for that is 
obscare. 

Neclear Syndrome of the Third 
Nerve.—This is produced by an infarct 
in the median mesencephalic territo- 
ry’ and aas the very characteristic 
disturbarre of a more or less complete 
ipsilateral third-nerve palsy associ- 
ated with a paresis of elevation in the 
contralateral eye, due to involvement 
of the swbnucleus, which innervates 
mainly the contralateral superior rec- 
tus. The primary position of the 
eyes s highly suggestive, with ipsilat- 
eral exctmepia and contralateral 
hyposrepim. This paresis of elevation 
in beth eves has been called pseudo- 
Pariaaud’s syndrome,” and must be 
differentiated from upgaze palsy due 
to supranuclear lesions. Bilateral 
mydmasie and bilateral ptosis may 
somezime- oecur." Associated neuro- 
logic disturbances are usually scarce 
(eg, sommclence and mild ataxia), 
because of the localization of the 
infarct. . 

Associated Supranuclear and Nuclear 
Distusbanees.—These may occur in 
various combinations," usually in 
larger and bilateral mesencephalic 
infarets. Ofher neurologice distur- 
bancs are usually prominent, some- 
times with a mesencephalic “locked- 
in" syndrame.** 

Bilateral Infarcts or Hemorrhages of 
the Periaqueductal Gray Matter. — These 
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have been recently reported in 
patients showing selective downgaze 
or upgaze palsy,” in the absence of 
rostral MRF involvement. Involve- 
ment of periaqueductal neurones or of 
fibers descending from the MRF 
toward the third and fourth nerve 
nuclei has been implicated. 

Isolated | Mesencephalic Hemor- 
rhages.—These are very uncommon. 
They usually produce combined 
supranuclear and nuclear distur- 
bances of eye movements.“ They are 
probably due to hypertension or relat- 
ed to small vascular malformations. 

Fascicular Syndromes of the Third 
Nerve.— These are related to more 
ventrolateral infarcts. The third- 
nerve palsy may be incomplete, with 
pupillary sparing and even miosis, 
when the descending sympathetic 
pathway is involved.” Associated neu- 
rologic impairment is prominent with 
either contralateral hemiplegia (para- 
median territory: syndrome of Weber) 
or contralateral ataxia (intermediola- 
teral territory: Claude-Nothnagel’s 
syndrome).?!44! 


PONS 


There are two main arterial pontine 
networks. One is formed by direct 
paramedian branches off the basilar 
artery and indirect intermediate 
branches off the short circumferential 
arteries. The other network is formed 
by lateral branches coming from two 
(one on each side) long circumferen- 
tial arteries, the anterior inferior cer- 
ebellar artery (AICA) and the SCA 
(Fig 2, top right). 


Paramedian Pontine Syndromes 


Pontine eye-movement disorders 
due to small ischemic paramedian 
lesions are common, particularly in 
hypertensive patients. The most often 
encountered syndrome is INO.^*5 
When due to a stroke, INO is general- 
ly of sudden onset and unilateral, 
although bilateral INO of vascular 
origin is not uncommon.^ Besides a 
restriction of adduction with pre- 
served convergence, there is often a 
dissociated nystagmus with larger 
amplitude in the abducting eye and a 
nystagmus evoked by vertical gaze. In 
bilateral INO, reflex (vestibular) ver- 
tical eye movements may be abol- 
ished, due to involvement of the ves- 
tibulo-oculomotor fibers that travel in 
the MLF en route toward the oculo- 
motor and trochlear nuclei.” Some- 
times a skew deviation” is present. 
When skew deviation is due to inter- 
nuclear ophthalmoplegia, the eye ipsi- 
lateral to the lesion is usually hyper- 


tropic.” However, this rule is not 
absolute,‘ and skew deviation by itself 
has little localizing value, since it is 
also found in pontine lesions sparing 
the MLF. Actually, lesions limited to 
the midbrain or medulla can produce 
a skew deviation.” Horizontal gaze 
palsies can be due to a lesion of the 
ipsilateral PPRF or of the abducens 
nucleus. In acute vascular lesions, 
conjugate deviation of the eyes con- 
tralateral to the lesion may be 
present.^* In a pure PPRF lesion, the 
eyes can still be moved to the paretic 
side with vestibular stimuli, which is 
not possible ir a lesicn of the sixth- 
nerve nucleus.“ In addition, the lat- 
ter is usually accompanied by a 
peripheral facial palsy because of the 
close vicinity of the facial nerve 
knee.” Isolated vascular lesions of the 
abducens nucleus and facial nerve 
knee should not be too rare, since one 
of us (O.M.) has seen three such cases 
within a relatively short time. Partial 
lesions of the PPRF do not produce a 
gaze palsy, but considerably slow all 
ipsilaterally directed saccades.^ In 
bilateral destruction of the caudal 
PPRF, some reports have suggested 
that, in addition to horizontal gaze 
palsy, there is also vertical gaze palsy, 
because of involvement of inputs to 
the mesencephalic reticular forma- 
tion?3*5 however, the occurrence of 
complete ophthalmoplegia from a 
lesion limited to the pons remains 
controversial. Often, vascular lesions 
involve the PPRF or abducens nucleus 
together with the ipsilateral MLF (af- 
ter it has crossed the midline coming 
from the contralateral abducens 
nucleus). The clinieal result is a one- 
and-a-half syndrome./555 In a 
review of the literature, 24 of 49 one- 
and-a-half syndromes were of vascu- 
lar origin; 16 one-and-a-half syn- 
dromes were due to an infarct, and 
eight of them, to a hemorrhage.“ In 
the acute phase, exotropia of the eye 
opposite to the lesion may occur (par- 
alytic pontine exotropia)**; this is 
due to the fact that contralateral ocu- 
lar deviation due to acute paramedian 
pontine involvement cannot occur in 
the ipsilateral eye, beeause of INO, 
and is, therefore, limited to the con- 
tralateral eye. In the locked-in syn- 
drome,?5**? tetraplegia and paralysis 
of all lower cranial nerves is due to a 
mainly ventral pontine lesion; the 
patient is fully conscious and typically 
can perform only lid and vertical eye 
movements, since the patient also has 
bilateral horizontal gaze palsy. When 
one side of the pontine tegmentum is 
spared, such patients can demonstrate 
a one-and-a-half syndrome.* Ocular 
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bobbing consists of intermittent 
downward jerks of the eyes followed 
by a slow return to the midposition.” 
In the majority of cases, the patients 
are comatose, quadriplegic, and have 
bilateral gaze palsy due to extensive 
intrapontine hemorrhage or infarc- 
tion. However, this clinical picture 
may be mimicked by a cerebellar hem- 
orrhage without intrapontine lesion.*' 
Rarely, typical bobbing may be inter- 
polated with reverse bobbing (rapid 
upward movement followed by a slow 
return to the midposition).? A typical 
bobbing with preserved consciousness 
and less-marked neurologie deficits 
has been observed in small hemato- 
mas of the pons? and in brain-stem 
compression from a cerebellar hemor- 
rhage.” Lesions of the abducens nerve 
fascicle within the pons may be asso- 
ciated with contralateral brachiocru- 
ral hemiplegia (Millard-Gubler syn- 
drome).* In the recovery of paramed- 
ian pontine hematomas sparing the 
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midbrain, involuntary vergence move- 
ments induced by voluntary horizon- 
tal or conjugate gaze attempts may 
develop (convergence and divergence 
synkinesis); these synkineses may 
occur when pontine centers of gaze 
are involved, together with sparing of 
brain stem association pathways. In 
vascular pontine syndromes, the 
pupils may be small and reactive, 
when the descending sympathetic 
pathways are involved.’ 


Lateral Pontine Syndrome 


Hemorrhages limited to the lateral 
tegmentum of the pons produce a rel- 
atively consistent syndrome with con- 
tralateral hemiplegia and sensory 
loss, ipsilateral limb ataxia, Horner's 
syndrome, and marked eye-movement 
disorders.***'*? Most of these patients 
have an ipsilateral one-and-a-half 
syndrome, some have an ipsilateral 
fascicular sixth-nerve palsy, and, in 
the acute stage, some have ocular bob- 
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Fig 2.— Schematic transverse cuts from mid- 
brain to medulla with arterial territories. Top 
left, Level of third-nerve nucleus; bottom left, 
level of fourth-nerve nucieus; top right, level of 
sixth-nerve nucleus; bottom right, level of 
eighth- (vestibular), tenth-, and twelfth-nerve 


bing that is occasionally asymmetric. 
A similar syndrome should also occur 
after occlusion of lateral penetrating 
branches of the SCA with infarction 
of the lateral brain stem, but infarcts 
in the distribution of the SCA involve 
mainly the superior part of the cere- 
bellum, and brain-stem signs are 
often not prominent.“ Ir caudolateral 
pontine infarcts, corresponding to the 
distribution of the AICA, oculomotor 
signs are either absent or suggest 
vestibular involvement.” 


CEREBELLUM 


The main supply of the cerebellum 
comes from the SCA (upper surface of 
the vermis and hemisphere) and the 
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nucle MLF and PPRF as in Fig 1. PCA 
indicates posterior cerebral artery; SCA, 
supemor cerebellar ertery; AICA, anterior infe- 
rior serebellar artery; and PICA, posterior 
inferier cerebellar amery. 


posteroinferior cerebellar artery 
(PICA) :nferior part of the cerebel- 
lum?“ When tae PICA is not well 
deveoped, the supply is taken over by 
the 4 IC*, and vice versa. The overlap 
of bzanches in the arterial system of 
the eerevellum is important and also 
includes branches from the contralat- 
eral 1emisphere. Location and size of 
infarcts, therefore, are quite variable. 
For example, in seme cases, unilateral 
occlusion of a cerebellar artery gives 
rise t» a large bilzteral infarct, but, in 
other cases, it causes only a small 
unilateral infarc.. Furthermore, oc- 
clusien ef the vessels supplying the 
cerebellum often produces associated 
brair-stem infar-tion, making diffi- 
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cult a precise clinical localization of a 
lesion. 

Although a number of cerebellar 
eye signs have been described,‘ only a 
few of them can be observed clinically 
in acute vascular lesions of the cere- 
bellum. Horizontal pursuit move- 
ments may become superimposed 
with microsaccades (Cogwheel pur- 
suit).^? When infarction in the PICA 
territory is confined to the posteroin- 
ferior part of a cerebellar hemisphere, 
the patient presents with vertigo, 
vomiting, and ataxia.'* In such situa- 
tions, the mistaken diagnosis of an 
acute peripheral vestibular disorder 
might be made. The key differential 
points are the findings of prominent 
ipsilateral cerebellar signs together 
with horizontal nystagmus in both 
directions of gaze with larger ampli- 
tude toward the ipsilateral side of the 
lesion. By contrast, in an acute 
peripheral vestibular disorder, the 
nystagmus would be unidirectional 





and beat toward the contralateral 
side. 

Compared with infarction in the 
PICA distribution, cerebellar infarc- 
tion in the SCA territory is much 
rarer. Such patients, in addition to an 
acute ataxia of gait, sometimes have 
an upbeating nystagmus present on 
gaze straight ahead, due to involve- 
ment of the superior vermis.” 
Hypermetria of the contralateral sac- 
cades (saccadic lateropulsion) with 
hypometria of the ipsilateral saccades 
is just the opposite phenomenon from 
what is seen in PICA-territory 
infarcts involving the lateral medul- 
la.” In cerebellar hemorrhage, com- 
mon eye-movement disorders include 
gaze palsy (54%), nystagmus (51%), 
abducens palsy (28% ), and skew devi- 
ation (20% ),” which are more sugges- 
tive of brain-stem than cerebellar 
dysfunction. 

The presence of these brain-stem 
oculomotor disturbances and other 
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disorders in a cerebellar stroke do not 
necessarily indieate an associated 
brain-stem infarction, but can also be 
the consequence of brain-stem com- 
pression by a large cerebellar hemor- 
rhage or infarction.?"*" A reliable 
clinical distinction between the two 
conditions is generally not possible. 


MEDULLA 


The arterial supply to the medulla 
can be divided into three or four terri- 
tories* (Fig 2, bottom right) as fol- 
lows: the dorsal and lateral aspects of 
the medulla are supplied by the med- 
ullary branches of the PICA, and the 
medial territory is fed by branches of 
the anterior spinal artery; the olivary 
territory is situated between the lat- 
eral and the medial territories and is 
inconstant.” 


Lateral Medullary Infarcts 


Infarcts in the lateral medullary 
territory are due to occlusion of the 
vertebral artery in 75% of these cases, 
whereas isolated occlusion of the 
PICA is found in less than 15% of 
these cases When the infarct is 
related to vertebral artery occlusion, 
associated pontine involvement may 
be found, which does not occur in 
cases with isolated PICA occlusion.* 
Cerebellar infarction is frequently 
associated with the medullary infarct, 
and it may be difficult to establish 
which of the oculomotor disturbances 
are related to medullary or to cerebel- 
lar involvement. Magnetic resonance 
imaging is able to visualize medullary 
infarcts without cerebellar involve- 
ment and may be of considerable help 
in clinicotopographic studies.™ 

The lateral medullary syndrome 
(Wallenberg’s syndrome) is one of the 
most typical clinical syndromes found 
in neurologic practice. However, eye- 
movement disturbances may be very 
complex and are often not well as- 
sessed. Various subjective complaints 
may be encountered.? Vertical or 
oblique diplopia corresponds to skew 
deviation, and fluctuating vertical 
diplopia occurs when monocular 
downward-beating nystagmus ap- 
pears in the ipsilateral eye during 
gaze toward the affected side.“ Diplo- 
pia may also increase markedly dur- 
ing gaze toward the nonaffected side, 
a phenomenon that is called crossed 
diplopia.? Also, tilting of the head to 
the nonaffected side typically worsens 
diplopia and oscillopsia. Oscillopsia is 
predominantly in the horizontal plane 
and tends to subside within the weeks 
following the stroke. Blurred vision, 
which can be monocular or binocular, 
has been reported in the absence of 
nystagmus; it could be related to 
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impairment of fixation.* A tilt (either 
(90° or 180?) of the visual field may 
occur and is very suggestive of lateral 
medullary infarct"; sometimes, an 
oblique torsion of the visual field may 
be limited to the ipsilateral eye." 
Occasionally, forced tonic deviation of 
the eyes toward the affected side may 
be one of the patient's complaints. 
Various objective disturbances may 
be found, but are frequently over- 
looked if the oculomotor examination 
is not performed carefully. Most signs 
can be readily elicited at bedside, and 
the interest of eleetro-oculography is 
mainly in quantification of the abnor- 
malities. Skew deviation (vertical 
divergence of  Hertwig-Magendie) 
may be related to damage to otolith- 
oculomotor pathways." The ipsilat- 
eral eye is typically down in skew 
deviation due to lateral medullary 
infarct. It is typically increased by 
head tilt toward the lesion.5*' Rotato- 
ry or horizontorotatory nystagmus on 
gaze straight ahead (primary position 
nystagmus) is closely allied to vertigo 
and imbalance and is typically related 
to large lateral medullary infarcts."* 
However, it may occur without com- 
plete destruction of the vestibular 
nuclei. In left-sided infarcts, the 
rotatory component of the nystagmus 
is clockwise for the examiner, and, in 
right-sided infarcts, it is counter- 
clockwise. The quick phase of the 
horizontal component is opposite to 
the lesion, but the direction may 
reverse with the eyes closed.” Ipsilat- 
eral gaze increases the nystagmus, 
which often becomes predominant in 
the ipsilateral eye.* In rare cases, the 
nystagmus may be replaced after a 
few weeks by irregular multidirection 
movements close to opsoclonus.*® A 
downward-beating component limited 
to the ipsilateral eye may sometimes 
appear during gaze toward the af- 
fected side. ^* Bilateral gaze-evoked 
nystagmus has also been reported,” 
but it may have been related to associ- 
ated cerebellar involvement. Palpe- 
bral nystagmus synchronous with the 
fast phase of horizontal nystagmus 
(Popper-type of lid nystagmus) has 
been reported in lateral medullary 
infarct, and is a more accurate localiz- 
ing sign than the Pick-type of lid 
nystagmus, which is triggered by con- 
vergence and can occur in various 
brain-stem and cerebellar lesions.” 
One of the most constant oculomotor 
abnormalities of lateral medullary 
syndrome is hypermetric saccades 
toward the affected side with hypo- 
metric saccades toward the opposite 
side.” It may correspond to isolation 
of the vestibular nuclei from the floc- 


culus due to lesion ef the restiform 
body,® or to otolith imbalance.‘ This 
ipsilateral bias of ocular movements” 
also explains the frequent tonic conju- 
gate deviation of the eyes toward the 
affected side (ocular lateropulsion of 
Barre”); this lateropulsion may 
sometimes be seen with the patient’s 
eyes open, but, more often, it is inhib- 
ited by fixation and is observed only 
when the eyes that have been previ- 
ously closed are quickly opened by the 
examiner; examination with a Frenzel 
prism may also help elicit this sign. 
Sometimes a deviation of the corneal 
protuberance can be palpated under 
the lids. The ipsilateral pupil is miot- 
ic, in relation to Horner’s syndrome, 
due to disruption of the discending 
sympathetic fibers. 

In large infarcts, all of these oculo- 
motor disturbances may persist indef- 
initely, although some degree of func- 
tional adaptation is usually seen, with 
subjective improvement.* 


Medial Medullary Infarcts 


These infarcts are usually related to 
occlusion of the anterior spinal artery; 
their rarity may be due to the usually 
bilateral origin of the anterior spinal 
artery”; however, they are still very 
uncommon in bilateral distal occlu- 
sion of the vertebral artery.” The 
medial territory is usually involved 
bilaterally.” 

Oculomotor anomalies are infre- 
quent and are mainly limited to 
upbeat nystagmus, the amplitude of 
which may increase during upward 
gaze. Dorsal extension of the 
infarct toward the MLF seems to cor- 
relate with occurrence of this type of 
nystagmus.” A rotatory nystagmus 
has been reported im one case," but 
the finding of an occlusion of the 
ipsilateral vertebral artery suggests 
that the lateral territory was initially 
involved as well. 

In the very uncommon hemimedul- 
lary infarcts, oculomotor abnormali- 
ties due to lateral medullary involve- 
ment usually coexist. 


Medullary Hemorrhages 


Hemorrhages limited to the medul- 
la are extremely uncommon, and their 
origins are not well established. Ocu- 
lomotor disturbances may mimic 
those of lateral medullary in- 
farcts'™” but may also be absent’ or 
suggest a pontine lesion.'? 


COMBINED SYNDROMES 


In basilar artery occlusion, it is not 
uncommon to have extensive infarc- 
tion of the brain stem, from the lower 
pons up to the upper midbrain; the 
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deep and superficial territory of the 
pesteriar cerebral artery (PCA) is 
also ecmmonly involved.”” These 
facts exolaim why combined oculomo- 
tcr abnormalites are frequently 
presentia this cendition.?^? Midlower 
pens syndromes or upper midbrain 
syndromes usualy predominate, ac- 
cording to the level of the occlusion. 
Embolie oeclusion of the basilar 
artery mostly eccurs at the distal 
bifurcation of thes artery, and typical- 
ly produees upper midbrain and PCA 
syndromes.” 4A herosclerotie occlu- 
sion of the basilar artery usually orig- 
inates more prcximally and pontine 
syndromes may Dredominate, in asso- 
ciation with usually extensive neuro- 
logie deficits (loeked-in syndrome).?^ 
Very of-en, supranuclear, nuclear, and 
infranuciear dis-urbances are associ- 
ated,“ out. sometimes, isolated su- 
pranuclear" or infranuclear? eye 
movement disorders may also be 
feund. | 

In vertebral artery occlusion, the 
eve mevement disturbances due to 
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lateral medullary involvement domi- 
nate the oculomotor picture, but signs 
of lower pontine involvement may 
sometimes occur, as sixth-nerve pal- 
sy. More distal involvement occurs 
much more uncommonly than in basi- 
lar artery occlusion.*** Cerebellar 
infarction in the distribution of the 
PICA territory may be extensive, with 
prominent cerebellar oculomotor dis- 
turbances or secondary pontine dys- 
function due to compression; in these 
cases, primary lateral medullary 
involvement may not be recognized. 

Large  brain-stem hemorrhages 
usually originate in the pons, with 
prominent pontine oculomotor distur- 
bances in a usually deeply comatose 
patient.!'^ 


COMMENT 


Few oculomotor disturbances are 
specific for vertebrobasilar stroke, 
and it is their association with other 
signs and their pattern of develop- 
ment that may suggest a cerebrovas- 
‘cular event.^ Indeed, only acute 
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Interobserver Reliability in the 
Interpretation of Computed Tomographic Scans 


of Stroke Patients 


Davie Shmar, PhD; Cynthia R. Gross, PhD; Daniel B. Hier, MD; Louis R. Caplan, MD; 
Jay F Mehr, MD; Thomas R. Price, MD; Philip A. Wolf, MD; Carlos S. Kase, MD; 
IrenesxG. Fishman, MAT; Joshua A. Barwick; Selma C. Kunitz, PhD 


è mtermbserver reliability in interpreta- 
tion of computed tomographic images 
was studied by six senior neurologists 
who mdesendent!y evaluated on a stan- 
dardized Stroke Data Bank form the brain 
lesiors o 17 patients. The results ana- 
lyzed witt « statistics yielded moderate to 
substantial agreement on most items of 
interest imcluding the stroke pathology 
and anatemy. In general, the levels of 
agreement were as high as previously 
repor»ed “or iagnosis of the mecha- 
nism ef the stroke, and much higher than 
on many stroke history items and items of 
neuroswgic examination. Excellent agree- 
ment was obtained for the detection of 
infarc-s and intracerebral hemorrhage, 
anc substantial agreement was obtained 
on whether the computed tomographic 
images were normal or indicative of small 
deep infercts, superficial and deep 
infarc:s, anc aneurysms. The level of 
agreement on anatomy of the lesions was 
best fer the frontal, parietal, and temporal 
lobes, putamen, cerebellum, and sub- 
arachpoid space. Implications for clinical 
research and diagnosis are discussed. 

(Areh Neurol 1987;44:149-155) 
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his study focused on interobserver 

agreement in the interpretation of 
computed tomographic (CT) images 
and involved six senior neurologists 
who examined slides of CT scans 
obtained from 17 hospitalized stroke 
patients. It is the third in a series of 
studies focusing on quality assurance 
in the Stroke Data Bank (SDB). The 
centers participating in the study are 
the New York Neurological Institute, 
and the Departments of Neurology at 
the University of Maryland Hospital, 
Baltimore, Boston University Medical 
Center, and Michael Reese Hospital, 
Chicago. A detailed description of the 
SDB has been published elsewhere.! 

Observer errors and interobserver 
disagreements in medical data have 
received much attention in the last 
decade, and a review of their origins 
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has been offered by Sackett? In his 
taxonomy, a distinction is made 
among the following three major 
sources of disagreement among 
observers: variations among the 
examiners, variations in the nature of 
the examination, and vzriations (over 
time) in the examined, 3e, the patient. 
Obviously, only the first source is 
relevant in studying interobserver 
reliability in the interpretation of 
radiographic images such as CT scans, 
since the other two zre held con- 
stant. 

Even in the absence cf the last two 
sources of interobserver disagree- 
ments, it is now readily acknowledged 
that the interpretation of pictograph- 
ic data such as roentgenogram and CT 
scans is subjective** and heavily influ- 
enced by individual differences among 
observers due to factors such as 
expectancy and past experience.‘ 

Even among senior physicians, 
some degree of interobserver varia- 
tion may be expected. Indeed, signifi- 
cant variations among experienced 
radiologists were obtained in a study 
of CT scans of a sample of patients in 
whom brain tumor hzd been sus- 
pected.$ In stroke, where the CT scan 
is a major diagnostic tcol, these dif- 
ferences may be of clinical signifi- 
cance, eg, in deciding on modes of 
therapy. 

In the present study, the interob- 
server level of agreemen: in the inter- 
pretation of CT scans wes relevant to 
the quality of the data in the SDB and 
of general interest concerning the sta- 
bility of CT readings zcross physi- 
cians. The interpretatior of CT scans 
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of the same 35-mm projection slides 
were made in each center by a senior 
neurologist specializing in stroke. A 
brief patient abstract without diagno- 
sis was provided. Thus, it can be 
assumed that the level of expertise 
applied to the task of interpreting the 
CT scan was as good as any that could 
be expected in the course of a routine 
clinical evaluation. The reliability of 
CT interpretations obtained in this 
study is probably a good approxima- 
tion of the upper bounds of reliability 
of CT interpretation for stroke lesions 
in general. 


PATIENTS AND METHODS 
Participants 


The 17 subjects, ranging in age from 36 
to 89 years, were all of the in-hospital 
patients with acute stroke who were hospi- 
talized during a given week at the New 
York Neurological Institute, who agreed to 
participate in the study, and who were 
considered to be in stable condition. Specif- 
ic characteristics of each patient have been 
documented elsewhere.’ 

The observers in the study were the six 
staff neurologists who are directly respon- 
sible for data collection in their own cen- 
ters. All are experienced in clinical neurol- 
ogy with a special interest in stroke. 


Procedures and Design 


During a visit to the New York Neuro- 
logical Institute, each of the six neurolo- 
gists personally and independently inter- 
viewed and examined ten to 12 of the 17 
patients according to a blocked design as 
part of a study on interobserver agreement 
in neurologic assessment.’ 

Three months later, back at their own 
centers, each of the six neurologists 
received and independently reviewed 35- 
mm projection slide copies of the CT scans 
of all 17 patients. The procedure for inter- 
pretation of the CT scans was modeled to 
approximate the usual mode of interpreta- 
tion in the SDB. The same forms were used 
to record data, and the timing of the CT 
scans was delayed by up to five days from 
stroke onset so as to provide data that were 
as clear-cut as possible. The only differ- 
ence was in the use of 35-mm slides as 
compared with the actual complete CT 
folder. 

In addition to the CT scans, the neurolo- 
gists also received for each patient a brief 
abstract containing the patient's age, hos- 
pital admission date, associated medical 
illness, neurologic history, and findings of 
the neurologic examination. The package 
did not contain any references to the 
patient's diagnosis or the interpretation of 
the CT scans by the physicians caring for 
the patient. 


Form and Materials 


Neurologic history and the results of the 
neurologic examination on each patient 
were recorded on the standard SDB Neuro- 
logic History and Neurologic Examination 
forms. The interpretation of the CT 
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Stroke Data Bank 


CT Scan 


1C. Date and time of exam: 


. Number of lesions related 
to this stroke = |— . 
(Enter-O if none) 


ID # 
(P) FORM 
C 


5C. Technica! adecuacy of study 
0  Aceaquate 

ae 1 Inadequate 
U Unknown 


. CT scan normal? 


2C. Data collector 
(see Center's code list) |. | 1 





. Lesion number 1 
(maintain same numbering scheme on subsequent exams) 
. Side Codes 
1 Mid 
2 Left 
3 Right 
4 Both 


. Pathology'(circle one only) 
No longer seen 
Superficial anfarct 
Deep. small infarct 
Deep. large infarct 
Superficiab.& deep inlarct 


Intracerebral hemorrhage 
Subarachnoid hemor^hage 


AVM 
Aneurysm 
Other (includes subdurals) 


. Anatomy ‘circle all applicable) 
Fronta! lobe 
Parietal lobe 
Temporal tobe 


Occipital lobe 
Operculum 
Insula 


Caudate 
Putamen 
Thalamus 


Anterior capsule 
Genu 
Posterior -apsule 


Corona radiata 
Centrum semiovale 
Corpus callosum 


Midbrain 
Pons 
Medulla 
Cerebullum 


Ventricular space 
Subarachnoid space 
Subdural space 
Epidural space 


10C. Volume in cc's 


11C. Diameter in mm's 


0 Normal 
Abnormal 


1234 
(MLR B) 


0 

1A 
18 
1C 
10 





1234 
(MLRB) 


1:259.4 
(MLRB) 


1234 
(MLRB) 


0 

1A 
18 
1C 
1D 
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Fig 1.— Stroke Data Bank computed tomographic (CT) scan form, page 1. 


images was recorded by all the neurolo- 
gists on the SDB CT form (Figs 1 and 2). 
The form contains 21 items describing the 
nature of the lesion(s) and can accommo- 
date the description of up to six lesions. 

For the CT evaluation, the neurologists 
were provided with high-resolution 35-mm 
slides of the original CT scan images. All 
slides were censidered to be of adequate 
technical quality by the participating neu- 
rologists. Figure 3 contains the CT images 
from patient 2. 


Statistical Method 


The « statistic used to measure the level 
of agreement was developed by Fleiss* to 
provide a numerical measure of agreement 
among multiple raters on variables that 
are scored on a nominal scale (qualitative 


classification, without ordering). The « sta- 
tistic is chance-corrected, ie, it measures 
the observed amount of agreement 
adjusted for the amount of agreement 
expected by chance alone. The x statistic 
approaches —1 for comple:ze disagreement 
and +1 for perfect agreement. When the 
agreement is that expected by chance, x 
equals 0. The significance of x is tested by 
dividing it by its SE.* This ratio is distrib- 
uted as a standard normal variate. It has 
been suggested that whenever « is greater 
than .80, the agreement can be considered 
excellent; x greater than .40 but less than 
or equal to .80 indicates moderate to sub- 
stantial agreement; « greater than .20 but 
less than or equal to .40 indicates fair 
agreement; and «x less than or equal to .20 
indicates slight or poor agreement. 
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Density 
Siz= scale 
‘Siz change 
‘teema 
"Miss effect 


Hemorrhage? * * 





Enhancement 
Ennancement type 


Ci7elevance 012 012 








9 Clots 


21C. Castical Atrophy? 
D None 


0 No 
1 Yes 


24.1C Comparison of contrast to 
nemcontrast 


4i "* = Larger than non-contrast LJ 0 No 
lesion 1 Yes 

Same size as non- 
contrast lesion 

Smaller than non- 
conteast lesion 

Only contrast scan given 

No contrast given 


Gö H MW 


Size change (14C) Enhancement (18C) 
0 None 0 Absent 
Density (12C) 1 initial 1 Mild 
t Low 2 Smaller 2 Moderate 
2 High 3 Larger 3 Marked 
3 Both A Not applicable 4 No contrast given 
4 Contrast enhancement 
only Edema/Mass Enhancement, type (19C) 
(15C, 16C) 1 Gyral/deep 
Sizesscale (13C) 0 Absent 2 Ring 
0 Absent 1 Mild 3 Other 
1 €1cm 2 Moderate 
2 <‘% lowe 3 Marked Relevance (20C) 
3 <1 lobe A Not applicable 0 Asymptomatic 
4 »>1 lobe 1 Symptomatic. 


* Rer SAH (8C = 3) " For ICH (8C = 2) * For infarcts (8C — 1A-1C) 
D None 0 None 0 Absent 
® Diffuse & less than 1 1 Intraventricular 1 Mild 
mm extension 2 Moderate 
€ Localized clot or 2  Cisternal 3 Marked 
greater than 1 mm 3 Both A Not applicable 


—————————M—— ee ee ee 


22C. Hydrocephalus? 
0 None 


= ® Slight KEE 1 Minimal J 1 Diffuse deposition but 
Z Moderate 2 Moderate less than 1 mm 
3 Severe 3 Marked thick 
U Unknown U Unknown 2  Localized clots and/or 
intraventricular clot 
23C. if subarachnoid hemor- 3 Intracerebral or intra- 


rhage, were coronal 
LJ views done? 


U Unknown 
If coronal views were done, (23C = 1) answer 24C. 


p ——————H———————ÀÉÉÁ—É ÉL r 


24.2C. Periventricular lucency 
present? 


U Unknown 















unrelated 
2  Symptomatic, related 
























24C. Results 
0 No blood detected 









ventricular clot only 
U Unknown 
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Fig 2.— Stroke Data Bank computed tomographic scan form, page 2. 


RESULTS 


OF the different items in the SDB 
CT form, the most important are 
pro»ab^ those describing the pathol- 
ogy amc anatomy of the observed 
lesions (items 8C and 9C). Initial 
review of these items indicated that 
there was a need to collapse across 
lesions rather than analyze each 
lesion separately. This was done 
because im several cases a lesion 
labeled lesion 1 by ene neurologist was 
labeled lesion 2 by another and, thus, 
although the neurologists may have 
been im perfect agreement on both 
lesions. a separate analysis of each 
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lesion (by lesion number) would have 
yielded an erroneous impression of a 
low level of agreement. 


Pathology 


Table 1 summarizes the six neurolo- 
gists’ responses to the observed 
pathology (item 8C). In this table, 
each patient is represented by a row 
and each of the alternative sources of 
pathology is represented by a column. 
For 13 of the 17 patients, only one type 
of pathology was noted. For the addi- 
tional four patients, more than one 
type of lesion was noted by some of 
the neurologists, and these are noted 


in Table 1. At zhe gross level of dis- 
tinction among “Normal CT," “In- 
farct,” “Hemorrhage,” and “Other,” 
the agreement among the neurolo- 
gists was excellent, x = .90. (Where- 
ver a neurologist coded more than one 
category, the one consistent with the 
most frequent choice of the other neu- 
rologists was selected. This approach 
will yield the closest agreement. A 
more conservative approach, of select- 
ing the pathology of lesion 1 only, still 
yielded very good agreement, x = .78.) 
This is reflected by the cell entries 
indicating that at this level of dis- 
crimination al. six neurologists 
agreed on 13 pa-ients and five out of 
the six neurologists agreed on three of 
the remaining four patients. Even at 
high levels of specificity (involving all 
ten categories of pathology) agree- 
ment was subs-antial x =.61. (The 
conservative approach yielded 
K = .56.) 

The level of agreement among neu- 
rologists for each of the specific cate- 
gories is indicated by the partial x 
values (last line in Table 1). The par- 
tial x values denote the chance-cor- 
rected probability that if one random- 
ly selected neurologist chooses a given 
category, another randomly selected 
neurologist will choose the same cate- 
gory. The partial x values vary widely 
from excellent (s, = 1.00) for intracer- 
ebral hemorrhage to poor (x, < .2) for 
large deep infarcts. The low frequency 
with which this category was cited 
may be partially responsible for its 
low agreement level." Subarachnoid 
hemorrhage and arteriovenous mal- 
formation were never cited; so we 
have no data to determine their reli- 
ability. 

Interobserver agreement was sub- 
stantial (x, > .6) for identifying small 
deep infarcts and aneurysms as well 
as for indicating no abnormalities at 
all. 

For combined superficial and deep 
infarcts, the agreement was moderate 
(x; = .47), and fer superficial infarcts 
it was fair (x, = .29). In these catego- 
ries, the major source of disagreement 
was on whether a lesion was “superfi- 
cial" only or "superficial and deep" 
(Table 1, patients 2, 3, 8, 14, 16, and 
17). Note, further, that the « values for 
superficial infercts and for deep 
infarcts are extremely conservative 
since they are based on agreements 
that the infarcts were only superficial 
or only deep but not both. For exam- 
ple, for patient 2, although superficial 
infarct was noted by only two neurol- 
ogists (Table 1), all six neurologists 
agreed that there was a superficial 
infarct since four of the six neurolo- 
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Fig 3.—High-resolution 35-mm slide of original computed tomographic image for patient 2. 


gists recorded "superficial and 


deep." 
Anatomy 


Agreement on the specific anatomic 
region(s) of the lesion(s) (item 9C) 
could not be summarized by a single 
numeric value since, for most 
patients, lesions were noted in more 
than one location, and the indicated 
number of locations varied among 
neurologists. The distribution of the 
neurologists’ responses for each of the 
23 anatomic locations specified in 
item 9C is presented in Table 2. As can 
be seen from the “Total” row and 
column entries, the six neurologists 
listed 212 locations for the 17 patients, 
or an average of two locations per 
patient by each neurologist. Qualita- 
tively, it can be observed that the 
crude level of agreement (not chance- 
corrected) was quite good, as follows: 
for nine of 17 patients all six neurolo- 
gists agreed, and for five additional 
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patients, five of six neurologists were 
in agreement on the location of at 
least one lesion or the absence of any 
lesions (patient 5). 

The data obtained for patient 2 (Fig 
3) illustrates the problem of providing 
a single statistic for agreement on 
this item. All six neurologists noted 
lesions in the frontal and parietal 
lobes. Four of six neurologists also 
noted lesions in the temporal lobe 
while, of the other two neurologists, 
one checked the operculum while the 
other checked the operculum as well 
as the insula. Four of the six neurolo- 
gists also noted lesions in the caudate. 
Of these four neurologists, two neu- 
rologists also noted a lesion in the 
putamen, one neurologist noted a 
lesion in the anterior capsule, and one 
neurologist noted lesions in the puta- 
men and the anterior capsule. 

Agreement on each of the specific 
regions was calculated with the x coef- 
ficient by considering the probability 


of selecting each region vs not select- 
ing it. These x coefficients are pre- 
sented at the bottom row of Table 2. 
First, for four of the five major brain 
regions—hemisphere, deep, cerebel- 
lum, and extracerebral spaces—the 
interobserver agreement was sub- 
stantial, .65 < x < .34. There was also 
substantial interobserver agreement 
in deciding whether the CT was nor- 
mal or abnormal, x = .68. Interobserv- 
er agreements on identifying lesions 
in the brain stem were essentially 
undefined with the present sample of 
cases, since none of the neurologists 
identified a lesion in either the mid- 
brain or the medulla, and only one 
neurologist selected the pons. A larger 
or a different sample might have pro- 
vided sufficient data to analyze the 
level of agreements on lesions in the 
brain stem. 

With respect to the specific loca- 
tions within the hemispheres, the 
deep structures, the extracerebral 
spaces, and the miscellaneous catego- 
ries, the levels of agreement varied 
widely. Substantial agreement was 
obtained for the frontal, temporal, 
and parietal lobes and the subarach- 
noid space. Agreement was moderate 
for deep lesions in the caudate, puta- 
men, and the anterior and posterior 
capsule; it was only fair for lesions 
noted in the genu and ventricular 
space. Interobserver agreement was 
poor and statistically nonsignificant 
in only the following four regions: the 
operculum, the insula, the centrum 
semiovale, and the thalamus; and 
poor, but significantly above chance, 
for the corona radiata. As with 
pathology, here too the poor agree- 
ment levels may be Cue in part to the 
low frequency with which some of 
these sites were noted." Because there 
were either no citings or only one, it 
was impossible to evaluate interob- 
server agreement for the occipital 
lobes, corpus callosum, midbrain, 
pons, medulla, and the subdural and 
epidural spaces. 


Other CT Findings 


Agreements among neurologists 
were also evaluated on the additional 
items listed in Table 3. The level of 
agreement was statistically signifi- 
cant for all items. Agreement was 
substantial (x = .60) on whether the 
CT was normal (item 4C), and the 
general location of the lesion (item 
7C—side: left, right, mid, or any com- 
bination of the three). 

The agreements on lesion density 
(item 12C—high, low, or both), the 
number of lesions related to this 
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CT Super- 
Normal ficial 


Infarcts 
—_—_— rrr Sw 
Superficial 
and Deep 


Deep 
Small 


Deep 
Large 


Other Total 





" CT indicates computed *omograpFy; ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage; and AVM, arteriovenous malformation. 
TOne of theneurologists who entered superficial and deep lesion also entered ICH, another neurologist also entered aneurysm, and a third neurologist entered ''other'' 


category. 


One of the meurologists who entered ICH also entered AVM. 
SOne of the reurologists who entered aneurysm also entered superficial infarct, and two other neurologists also entered SAH. 
|@ne of the-neurologists who entered superficial infarct also entered AVM. 


ISigmficantat P < .001. 


streke (item 3C—0, 1, 2, or 3) and the 
mass effect af the largest region (item 
16C—absent, mild, moderate, or 
marked) wepe moderate (x > .40). 


The Relationship of CT Interpretation 
to Diagnosis 


At the same time that the neurolo- 
gists completed the CT forms for this 
study, they also diagnosed the prima- 
ry mechanism of stroke." To examine 
the relatiorsiips between the two, the 
neurolegists’ responses of the “Prima- 
ry Diagnosis’ of stroke (item 5J on 
tae Diagnosis form) were ercss-tabu- 
lated with their responses to the 
patholegy (tem 8C on the CT form). 
Since the diagnosis categories partial- 
ly over ap tae pathology categories of 
item 8C in the CT form,” the correla- 
tion between the two provides a mea- 
sure of intracbserver consistency. The 
cross-tabulation of these two vari- 
ables is provided in Table 4. The con- 
tingency c»eficient, an  x?related 
measure of association, was .75, indi- 
cating a substantial level of corre- 
sponderce between these variables. 
Further, some speeifie relationships 
are of mterest. First, the most com- 
monly diagnesed condition, infarc- 
tion, was alsc recognized as such on 
the CT. Alse, the diagnosis of intra- 
cerebral hemorrhage (ICH) was 
always assoeiated with an ICH code 
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on the CT. In contrast, the diagnosis 
of subarachnoid hemorrhage (SAH) 
was not once associated with a CT 
code of SAH. Instead, other CT codes 
such as infarction (eight of 13) and 
aneurysm (four of 13) were selected as 
the relevant CT manifestation of 
patients with a primary diagnosis of 
SAH (these are not unexpected associ- 
ations). 

To assess the impact of the personal 
contact and examination on the inter- 
pretation of the CT image, the neurol- 
ogists were divided into two groups as 
a function of whether or not they saw 
the patients. This was possible since 
each of the neurologists personally 
examined ten to 12 of 17 patients in a 
blocked design, so that each patient 
was examined by a different subset of 
four of six neurologists.’ An analysis 
of interobserver agreement and image 
interpretation, as a function of wheth- 
er or not the neurologist actually saw 
and personally examined the patient, 
did not reveal any statistically signifi- 
cant effects. Thus, the direct contact 
did not influence the CT interpreta- 
tion beyond the effects of the written 
documentation available to all physi- 
cians on each patient. 


COMMENT 
The purpose of this study was to 
evaluate interobserver reliability. 


Since in most stroke cases in the SDB, 
as well as in other studies, the CT scan 
serves as the "gold standard," the 
neurologists' performance relative to 
an external criterion or truth could 


not be assessed. However, in general, 


the reliability of any measure deter- 
mines the upper bound of its validity, 
in particular, for a collaborative study 
such as the SDB it is a prerequisite to 
valid data and must be assessed. 

This study was conduc:ed in a rela- 
tively realistic environment, ie, the 
neurologists examined tke CT images 
in their own offices, were under no 
time pressure to reach their conclu- 
sions, and had at their disposal the 
results of the neurologic examination, 
the neurologic and mecical history 
and, for ten to 12 of 17 patients, also 
had the benefit of a personal examina- 
tion of the patient. These features 
make this study differen: from most 
of the other studies on the validity 
and reliability of CT  interpreta- 
tions interpretations of other 
radiologic data,“ and interpretations 
of other analog data'* and more rele- 
vant to the actual level of interobserv- 
er reliability that exists in a clinical 
setting. In comparison with the cited 
studies, this study’s features would 
also tend to increase the level of inter- 
observer agreement. 

The level of agreement among the 
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. Patient Seen Fron Par Tem Occ  Opr Ins Any Cau Put Thal AC 
2 6 6 4 We 2 1 6 4 3 2 
3 3 6 3 1 1 1 6 1 1 
ARER, . 5 
5 5 " "m 
6 6 T 
7 PLI 2 3 1 
8 2 2 "Pm 4 TI^ 
9 6 6 5 1 1 6 4 4 5 
10 2 3 6 1 1 6 T 
11 E 1 1 1 
12 1 1 1 2 1 
13 8 
14 6 1 6 
15 ns 1 su. TM de. Féa T 1 iy 
16 rm 6 dq Tm o e 1 6 v o 
17 ‘ds 6 3 2s nS 2 1 6 Nus oa ye shd 
Total 9 39 28 18 1 8 6 49 11 23 4 9 
x value .68 d .65 .70 <01 .02 —.06 .84 .41 .54 .06 .44 


G PC CR CS Any Pons 
1 2 
4 
1 1 3 
2 3 1 6 a re 
PE x 1 1 
3 2 6 
1 1 3 1 € 
3 3 3 3 5 
5 $1. 6 
5 3 6 
1 1 
4 20 14 9 46 1 1 
.27 .43 A .20 .68 —.01 —.01 


* All x values 7.20 are significant at P < .001. x = .17 is significant at P = .01. Fron indicates frontal lobe; par, parietal lobe; tem, temporai lobe; occ, occipital lobe; 
.opr, operculum; ins, insula; cau, caudate; put, putamen; thal, thalamus; AC, anterior capsule; G, genu; PC, posterior capsule; CR, corona radiate; CS, centrum semiovale; 
ven, ventricular space; and sub, subarachnoid space. 
tFollowing locations were not cited at all: corpus callosum, midbrain, medulla, subdural space, and epidural space. 
Sum total does not include nine reports of "no lesions seen." 





Table 3.—Level of Agreement Among Neurologists on CT-Related Variables * 


Variable 


No. Name K 


Primary Diagnosis 
T ——————————————————————————— ———————————————————— 
Infarcts ICH SAH 
Not seen a TE "^ 23 Q 


Infarct 50 rS 8 11 69 
ICH TX 17 t 1 18 





* Entries indicate number of combinations out of 17 patients times six neurologists. CT indicates computed 
tomography; ICH, intracerebral hemorrhage; and SAH, subarachnoid hemorrhage. 


neurologists was generally quite high 
.. for most of the items studied despite 
the fact that agreement was measured 
with a chance-corrected statistic, ie, 
the « coefficient. As could have been 
expected, the level of agreement rose 
as the category under evaluation 
became more general Thus, the 


agreement on whether or not the CT 
was normal was higher than the 
agreement on the specific type of 
lesion or its location. Similarly, the 
level of agreement on whether the 
pathology was an infarct or a hemor- 
rhage was higher than the level of 
agreement on the type of infarct; and 
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the level of agreement on the general 
location of the lesion (eg, lobar vs the 
deep structures) was higher than the 
level of agreement on the specific 
location within these general catego- 
ries. 

Among the component entities 
making up the general categories, the 
variability in agreements was quite 
high. As expected, agreement on enti- 
ties that have fuzzy boundaries (such 
as "large deep infaret" vs a "small 
deep infarct" and anatomie structures 
such as the insula and the operculum) 
is not as high as the agreement on 
entities that have sharper boundaries 
(such as intracerebral hemorrhage 
and anatomic structures such as the 
frontal and parietal lobes). One impli- 
cation of such results is that emphasis 
should be placed on developing diag- 
nostic categories that have relatively 
sharp demarcations that allow them 
to be distinguished easily from other 
categories. 

The levels of agreement in the 
interpretation of the CT scan are 
much higher than the interobserver 
levels of agreement obtained for 
recording many neurclogic signs and 
symptoms.' Since the data for both 
studies were obtained from the same 
patients and relied or. the same neu- 
rologists for interpretation, the high- 
er levels of agreement in the interpre- 
tation of the CT image can be directly 
attributed to the absence of situation- 
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5 4 8 11 
JS 27 13 65 


al variations in the nature of exami- 

nations and the variations within 

each batni (over time and between 

examonatns), which are the other 

twe major sources of observer error.’ 
_ Thus, the higher reliability of the 
«  interpretæiena of the CT image pro- 

vides streng support for its use in 
* understandiag stroke. 

The interobserver range of agree- 
ments on theiCT scan and the diagno- 
sis" were zu e similar. Thus, the par- 
tial « coeficients for the diagnosis 
item ef pr3mary cause of stroke were 

.. . 96 for inrcis and .93 for ICH, while 
the partial 4 values for the corre- 
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sponding CT item of pathology (item 
8C) were .88 for infarcts and 1.00 for 
intracerebral hemorrhage. The reason 
for the high interobserver agreement 
on the diagnosis—even though it does 
include all three sources of observer 
error—is that diagnosis is probably 
based on redundant sources of infor- 
mation including CT scans. This also 
explains the high correlation between 
the CT item of pathology and the 
diagnosis item of primary mechanism 
of stroke. 

The lack of a significant effect of 
previous examination of the patient is 
at a slight variance with the finding 
obtained by McNeil et al," in which 
neurologists' ability to detect intra- 
cranial disease was improved by 3% 
when provided with a complete 
patient history. However, in that 
study only a simple yes or no determi- 
nation was required, and the sample 
size was large (N = 84), and both fac- 
tors acted to increase the level of 
significance without necessarily af- 
fecting the magnitude of the effect. 
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Ischemia May Be the Primary Cause of the 
Neurologic Deficits in Classic Migraine 


Tom Skyhgj Olsen, MD; Lars Friberg, MD; Niels A. Lassen, MD 


@ This study investigates whether the 
cerebral blood flow reduction occurring in 
attacks of classic migraine is sufficient to 
cause neurologic deficits. Regional cere- 
bral blood flow measured with the xenon 
133 intracarotid injection technique was 
analyzed in 11 patients in whom a low- 
flow area developed during attacks of 
classic migraine. When measured with 
this technique, regional cerebral blood 
flow in focal low-flow areas will be overes- 
timated because of the effect of scat- 
tered radiation (Compton scatter) on the 
recordings. In this study, this effect was 
particularly taken into account when eval- 
uating the degree of blood flow reduction. 
During attacks of classic migraine, cere- 
bral blood flow reductions averaging 52% 
were observed focally in the 11 patients. 
Cerebral blood flow levels known to be 
insufficient for normal cortical function 
(<16 to 23 mL/100 g/min) were mea- 
sured in seven patients during the 
attacks. This was probably also the case 
in the remaining four patients, but the 
effect of scattered radiation made a reli- 
able evaluation of blood flow impossible. 
It is concluded that the blood flow reduc- 
tion that occurs during attacks of classic 
migraine is sufficient to cause ischemia 
and neurologic deficits. Hence, this study 
suggests a vascular origin of the prodro- 
mal neurologic deficits that may accom- 
pany attacks of classic migraine. 

(Arch Neurol 1987;44:156-161) 
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ocal cerebral vasospasm leading to 

local ischemia has long been con- 
sidered the cause of the prodromal 
neurologic deficits in classic mi- 
graine." In the prodromal phase of 
classic migraine attacks, a focal 
reduction of eerebral blood flow (CBF) 
has been found." The most precise 
measurements of CBF have been per- 
formed with the intracarotid xenon 
133 technique." Until recently, the 
flow changes were considered to be 
primary, ie, they caused ischemia 
manifesting as focal neurologic defi- 
cits during the prodromal phase. Ole- 
sen et al? in 1981 and Lauritzen et al'? 
in 1983, however, noted that the aver- 
age CBF in low-flow areas developing 
during the migraine attack remained 
well above the threshold of ischemia, 
and they suggested that the focal neu- 
rologic deficits were manifestations of 
“cortical spreading depression," ie, 
the CBF reduction was a secondary 
phenomenon accompanying the 
spreading depression. 

A major drawback of CBF measure- 
ments with xenon 133 is, however, the 
considerable overestimation of CBF 
recorded in low-flow regions due to 
scattered radiation from unaffected 
parts of the brain (Compton scat- 
ter).^? This overestimation is posi- 
tively correlated to CBF in nonaf- 
fected surroundings.’ For example, 
CBF recordings with xenon 133 over 
frank infarctions, due to major arteri- 
al occlusions, where CBF can be 
assumed to be far below ischemic 
thresholds, may yield CBF values far 
above ischemic thresholds. Analo- 
gously, CBF in the low-flow regions 


developing during attacks of classic 
migraine may also be much lower 
than actually recorded because of the 
overestimation provided by Compton 
scattered radiation. 

The present investigation studies 
the washout of xenon 133 in the low- 
flow areas that occurs curing attacks 
of classic migraine. With particular 
emphasis concerning the effect of 
Compton scatter on these recordings, 
we attempted to evaluate whether the 
CBF reduction occurring in classic 
migraine attacks is sufficient to cause 
neurologic deficits. 


PATIENTS AND METHODS 


As a supplement to cerebral angiogra- 
phy, 205 patients underwent regional cere- 
bral blood flow (rCBF) measurements at 
the Bispebjerg Hospital, Copenhagen, in 
the years 1979 to 1983. During angiography 
and a subsequent ongoing rCBF investiga- 
tion, 11 patients developed a classic 
migraine attack with focal neurologic defi- 
cits, headache, nausea, and vomiting. The 
symptoms were associated with the devel- 
opment of focal reductions of rCBF in 
occipital, parietal, and temporal regions 
that, in several cases, spread to involve 
central and even frontal areas of the brain 
within about 30 minutes. All patients had a 
history of migraine, and the attacks that 
developed during angiography and rCBF 
measurement were, in most aspects, simi- 
lar to attacks that arose spontaneously. 
The aura symptoms that developed during 
the rCBF study were (alone or in combina- 
tion) the following: slight to mild paresis 
in seven patients, hypoesthesia in two 
patients, paresthesias in nine patients, and 
Wernicke’s aphasia in two patients. The 
symptoms that occurred were contralater- 
al to the hemisphere that was investigated. 
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=|. 1.— Schematic of lateral aspect of brain composed of 254 color squares for patients 468, 470, 484, and 498, 
spectively. Cerebral blood flow (CBF) during classic migraine attack. Time at which each individual CBF study was 


sE formed is indicated. 


The mean age of the patients studied (six 
women anc 5 e men) was 40 years and 
ranged from Æ to 71 years. Six patients 
had persistent neurologic and neuropsy- 
chologieal defimits most likely caused by 
some previews migraine attacks, ie, compli- 
cated migraine Five of these patients had 
slight pareses «f the arm and/or leg; three 
of these pa—e-ts alse had slight hypoes- 
thesia c? the aZected extremities The def- 
icits were, heveever, mild without impair- 
ing the patia’ capacity for work. In one 
patient, a n«iropsycholozical examination 
discovered a sight to moderate dementia 
even thougt ‘= patient was still working. 
During migraiae attacks, the above-men- 
tioned defiei=s became more prenounced. 
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The neurologic deficits that occurred dur- 
ing the rCBF studies were, in all patients, 
of mild to moderate degree, like those 
occurring in spontaneous attacks. The def- 
icits were transient and disappeared in all 
patients within 24 hours. The main differ- 
ence between habitual attacks and attacks 
during the rCBF study was that visual 
scintillations or scotomas usually occurred 
in the prodromal phase in the habitual 
attacks of seven patients. This was the case 
in only one patient during the rCBF study. 
Six cases (cases 384, 417, 447, 449, 450, and 
452) have been published previously.'? Five 
patients have not been described before. 
Computed tomographic (CT) scans were 
performed in all patients. All but two 


patients had normal CT scans. In patient 
384, atrophy of the left temporoparietal 
regions was found. Patient 498 had an 
infarct subcortically deep in the left pari- 
etal lobe. This recent infarct had developed 
during a severe migraine attack that led to 
hospitalization of the patient. This patient 
is probably a case of  "late-life" 
migraine." 

Under local anesthesia, using 5 mL of 
lidocaine hydrochloride, percutaneous ca- 
rotid angiography was performed in all 
patients. The arteriography was carried 
out to evaluate if cerebral malformation, 
occlusion, or stenosis could cause the neu- 
rologic deficits. Regional cerebral blood 
flow was studied with the xenon 133 intra- 
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away from nonaffected region. 


carotid injection technique using the same 
catheter that was used during the previous 
cerebral angiography. The rCBF study was 
performed after informed consent was 
obtained. The technique has been de- 
scribed in detail elsewhere." The clearance 
of the isotope was recorded during an 
interval of 12 to 60 s after injection of the 
isotope by a 254-multidetector camera cov- 
ering one hemisphere. Cerebral blood 
flow was calculated according to the initial 
slope method.'* Five to ten millicuries of 
xenon 133 dissolved in isotonic saline was 
used in each CBF study. After computa- 
tion, the data were presented on a printer 
as absolute flow values or as a schematic, 
two-dimensional picture of the lateral 
aspect of the brain composed of 254 color 
squares, each representing an interval of 
— flow values on a 16-level color scale (Fig 1). 

. Each detector covers approximately 1.0 
. .. em' of the hemisphere investigated. 

The patients were studied during rest 
(ie, eyes closed and ears plugged) in a quiet 
room. Studies during hyperventilation and 
during psychological stimulation (eg, talk- 
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Fig 2.— Cerebral blood flow (CBF) of the low-flow regions, plotted against mean CBF of the nonaffected regions. Top left, 
Mean CBF; top right, CBF at center of region; bottom left, CBF closest to nonaffected region; bottom right, CBF farthest 
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ing and listening) were also performed. 
Simultaneously with the CBF measure- 
ments, the intra-arterial blood pressure 
and the pulse rate were recorded. Arterial 
carbon dioxide tension was measured dur- 
ing every CBF investigation. Changes of 
blood pressure and carbon dioxide tension 
between each individual CBF study were 
negligible. 

Areas with abnormally low CBF were 
defined in the following way: an average 
flow map from 12 normal subjects (pa- 
tients investigated in the evaluation for a 
focal cerebral disease that was not found to 
be present according to cerebral angiogra- 
phy, CT scan, brain scintigraphy, and elec- 
troencephalography [EEG]) was con- 
structed. The variation of the rCBF in this 
average flow map, expressed as an SD, was 
7%. Therefore, areas with CBF values 
more than 2 SD (14%) below expected 
values were defined as low-flow areas. 


RESULTS 


In each of the 11 patients, two to 
eight CBF measurements were per- 
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formed during attacks. The measure- 
ments were carried out within a five- 
to ten-minute interval with the excep- 
tion that between the first and second 
measurement there was an interval of 
20 to 30 minutes. À total of 42 CBF 
measurements were performed in the 
11 patients. The Table shows CBF 
values in the low-flow regions and in 
the nonaffected brain regions in each 
of these 42 measurements. Figure 1 
shows CBF studies of four patients. In 
three patients (one patient with per- 
sistent neurologic deficit), CBF was 
already reduced focally at the first 
CBF recording. In the remaining eight 
patients (five patients with persistent 
neurologic deficits), the low-flow 
regions were preceded by one or more 
CBF studies during which the 
patients had no symptoms and CBF 
was normal. Neurologic deficits were 
observed about five to 15 minutes 
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Farthest CBF in 
| Size of Mean of Closest to Center of Away From Nonaffected 
No. of Low-Flow Area, Low-Flow Nonaffected Low-Flow Nonaffected Regions, 
CBF Studies cm? Regions Regions Regions Regions mL. / 100 g/min 
384 1 9 42 46 33 62 
2 38 34 41 20 51 
3 40 34 42 23 49 
E 37 34 36 22 48 
5 31 33 40 26 53 
€17 1 31 42 54 23 68 
2 57 45 58 29 77 
3 51 41 55 29 63 
4 56 40 52 32 65 
5 48 44 54 33 66 
6 38 46 54 40 66 
7 51 42 53 31 66 
8 38 40 49 25 62 
447 1 21 60 73 47 91 
2 37 67 79 43 95 
419 1 8 34 36 29 49 
2 15 37 42 31 49 
3 26 35 40 31 49 
4 27 34 37 24 46 
450 1 33 36 43 29 54 
2 33 37 47 23 56 
3 31 36 42 23 52 
4 19 37 41 33 50 
5 26 34 37 23 48 
6 29 29 36 22 45 
452 1 39 37 44 28 58 
2 63 33 44 26 53 
3 75 33 44 23 58 
4 53 33 43 23 51 
456 1 13 46 49 43 62 
2 13 41 47 IN 33 53 
2 39 46 55 45 41 68 
40 1 | 20 34 40 29 24 61 
| 2 61 31 43 23 20 53 
3 47 31 41 26 21 52 
4 44 30 41 28 A a 
4.4 1 22 30 37 30 21 46 
2 16 31 37 35 21 46 
3 26 31 37 26 24 43 
458 1 49 23 27 21 16 35 
2 84 24 28 23 17 35 
* CBE indizates cerebral blood flow. 
after the focal CBF reduction The influence of Compton scattered ^ est blood flow measured in the areas 


appeared cn the flow map. 

The overestimation of CBF in low- 
flow regions provided by Compton 
scattered radiation is positively corre- 
lated to CEF in the surroundings. 
Figure 2, top left, shows the mean 
CBF n the low-flow areas plotted 
against mean CBF in the nonaffected 
part cf the brain. The correlation is 
signifiean- (72.94, P<.01). This 
finding suggests that CBF measured 
in the low-fiew areas is affected by 
Compton seattered radiation and 
may, thus. be lower than actually 
recorded. 
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radiation on the recordings decreases 
with increasing distance to the nonaf- 
fected area. Figure 2, lower left, shows 
the highest flow values in the low- 
flow areas, located closest to the non- 
affected areas of the brain, correlated 
to mean CBF in the nonaffected part 
of the brain (7 = .97, P < .01; the CBF 
reduction here averages 20% ). Figure 
2, top right, shows CBF measured in 
the center of the low-flow areas corre- 
lated to mean CBF in the nonaffected 
part of the brain (r = .85, P < .01; the 
CBF reduction here averages 42%). 
Figure 2, lower right, shows the low- 


farthest away from the nonaffected 
part of the brain (r = .75, P < .01; the 
CBF reduction now averages 52%). 
The CBF appeared to be lower with 
increasing distance to the nonaffected 
part of the brain, in accordance with 
the effect of Compton scattered radia- 
tion on the recordings. The positive 
correlation, which is still present in 
the areas farthest away from the non- 
affected part of the brain, indicates 
the influence of scattered radiation 
even in these areas. The blood flow 
recorded in these areas (reduced, on 
average, by 52%) represents the best 
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estimate of the CBF if the blood flow 
is uniform in the area. 

Mean CBF recorded in the low flow 
areas was, except for one patient, far 
above ischemic thresholds (>23 mL/ 
100 g/min, see “Comment” section). 
However, when considering the lowest 
flow values, measured at the longest 
distance to the nonaffected part of the 
brain, CBF values less than or equal 
to 23 mL/100 g/min were observed in 
17 of 32 recordings in seven of the 
patients studied. The four patients in 
whom all CBF measurements showed 
flow values above this threshold were 
characterized by also having a fairly 
high CBF in the nonaffected part of 
the brain. 

The overestimation provided by 
Compton scattered radiation de- 
creases with decreasing CBF in nonaf- 
fected surroundings. We analyzed 
CBF in seven of the patients while 
they were hyperventilating. Mean 
CBF in the low-flow areas as well as 
in the nonaffected part of the brain 
decreased considerably. Cerebral 
blood flow values below 19 mL/100 
g/min were, however, not measured in 
the low-flow areas during hyperventi- 
lation. This indicates that true flow in 
the normocapnic state probably is not 
much below that level. 


COMMENT 
The Influence of Compton Scattered 
Radiation on CBF Recordings 


The influence of Compton scattered 
radiation on CBF recordings with 
xenon 133 is well known from studies 
of ischemic strokes.^" About 50% of 
the radiation recorded from temporo- 
parietal regions after intracarotid 
injection of xenon 133 is scattered 
radiation." “Clearance” of scattered 
radiation is identical to the clearance 
of the isotope in the areas where it 
originates. Therefore, the clearance 
curves obtained from low-flow areas 
are the result of clearance of the 
isotope actually deposited in the area 
(and representative of true flow) and 
of clearance of Compton scattered 
radiation from the surroundings. For 
this reason, CBF in low-flow areas is 
overestimated, and the overestima- 
tion increases in proportion to the 
true CBF reduction in the low-flow 
area and CBF in the nonaffected 
areas. 

The influence of Compton scattered 
radiation on CBF recordings from 
low-flow areas was evident in the 
present study. A strong positive corre- 
lation was found between CBF re- 
corded in the low-flow areas and CBF 
measured in the nonaffected part of 
the brain. Hence, CBF of the low-flow 
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areas is lower than actually re- 
corded. 


How Low Is CBF in the Low-Flow Areas? 


Xenon 133 is a gamma emitter with 
low energy, and the radiation emitted 
is subject to a considerable degree of 
absorption in the tissues." As much as 
50% is absorbed in a brain tissue cone 
with a length of 5 cm." Hence, the 
influence of Compton scatter on the 
recordings decreases with increasing 
distance to the nonaffected areas. If 
CBF in the low-flow areas is uniform, 
the best estimate of CBF is, therefore, 
obtained in the areas farthest away 
from the nonaffected part of the 
brain. The lowest flow values were 
always recorded here while the high- 
est flow values were recorded in the 
areas closest to the  nonaffected 
regions. Cerebral blood flow in the 
center of the hypoperfused regions 
appeared to be between these 
extremes. This suggests that CBF, in 
fact, was uniform in the low-flow 
area, and that the lowest values repre- 
sent the best estimate of CBF in the 
low-flow region. The average blood 
flow reduction in these low-flow areas 
must, at least, have been 52%. 

Absolute CBF values of 16 to 23 
mL/100 mg/min were measured in 
seven of 11 patients (in 17 of 32 
recordings during rest and activity). 


The four patients in whom the lowest . 


CBF value was above this level also 
had a high CBF in the nonaffected 
part of the brain. Therefore, lower 
flow than actually recorded may, in 
fact, have been present in the low- 
flow areas of these four patients. 

Cerebral blood flow in the low-flow 
areas did not seem to be much lower 
than that measured in the areas far- 
thest away from the nonaffected part 
of the brain (16 to 26 mL/100 mg/ 
min). When the influence of Compton 
scatter was maximally reduced by 
lowering CBF in the nonaffected 
regions during hyperventilation, CBF 
did not fall below that level in the 
low-flow areas. 


Is the Blood Flow Reduction Sufficient 
to Cause Neurologic Deficits? 


The ischemic thresholds are fairly 
well established. Previous research 
indicates that cortical blood flow 
below the level of 23 mL/100 g/min is 
insufficient for normal cortical func- 
tion in humans as well as in subhu- 
man primates. In patients undergoing 
carotid endarterectomy, the ampli- 
tude of EEG waves diminishes when 
CBF, during carotid clamping, falls 
below 23 mL/100 g/min." In the 
awake monkey with experimental 


occlusion of the middle cerebral 
artery, neurologic deficits appear 
when CBF falls below 23 mL/100 g/ 
min.'* Without affecting tissue viabil- 
ity, cortical electrical activity declines 
and EEG becomes gradually isoelec- 
tric in humans when CBF reaches 
values below 15 to 17 mL/100 g/min." 
Likewise, in cats and monkeys evoked 
potentials are completely suppressed 
at flow values of 16 to 18 mL/100 
g/min.” The time factor is also of 
importance. Blood flow values below 
15 to 17 mL/100 g/min are tolerated 
only for about four to eight hours, 
then cellular death ensues.* Recent 
experimental data suggest, however, 
that CBF in the interval of 18 to 23 
mL/100 g/min, although insufficient 
for normal function, may be tolerated 
for several weeks and possibly 
longer.'* 

Our study clearly demonstrates 
that CBF around the lowest level that 
is compatible with normal cortical 
function may be reached during 
attacks of classic migraine. Hence, in 
contrast with the conclusions reached 
in recent articles from our clinic by 
Olesen et al,* Olesen et al? and Laurit- 
zen et al" we may eonclude that the 
blood flow reduction during classic 
migraine is of sufficient magnitude to 
explain the occurrence of neurologic 
deficits during the prodromal state. 


Does Ischemia Exist in the Low-Flow 
Areas During the Migraine Attack? 


The neurologic deficits were ob- 
served about five to 15 minutes after 
the focal CBF reduction appeared on 
the flow map. This lack of correlation 
between occurrence of CBF reduction 
and neurologic deficits might be taken 
to argue against flow reduction being 
the cause of the deficits. However, the 
CBF reduction originated in the pos- 
terior temporoparietal regions where 
cortical dysfunction may be undetect- 
able clinically, if the symptoms (such 
as aphasia, apraxia, agnosia, and dys- 
function of other higher cortical func- 
tions) are mild. Detection of mild 
gnostic dysfunctions undoubtedly 
needs a thorough neuropsychological 
examination of the patient. This point 
is of importance as it is impossible, 
for practical reasons, to perform a full 
neurologic examination of the patient 
during the CBF study. 

If the CBF reduction was only a 
secondary adjustment to a reduction 
of tissue metabolism, then ischemia 
would not be present. This is unlikely 
in our patients. Consciousness was 
unaffected in all patients during 
attacks, and the neurologic deficits 
were mild in all patients. This is not 
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compatib»e with a 50% reduction of 
meta»olism in very large areas of the 
braim. Nevertheless, a 50% reduction 
of CBF wes seen, pointing to a state of 
“misery -erfusior" or even frank is- 
cherma where the blood flow reduc- 
tion s, t some extent, counteracted 
by inereased oxygen extraction from 
the slow. Finally, it should be 
recalled -at half of our patients had 
persistent  neurclogic deficits as 
sequelae after previous attacks of 
classi? mgraine, pointing to the pres- 
ence ef is hemia curing at least some 
previeus =ttacks. 

In sons us;on, this study provides 
evidence r a vaseular origin of clas- 
sic migraine During the aura, the 
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blood flow decreases and reaches lev- 
els known to be insufficient for nor- 
mal cortical function. However, as is 
also seen in the so-called ischemic 
penumbra surrounding ischemic in- 
farcts?? CBF of the low-flow regions 
is sufficient for cellular viability, and 
the CBF level at which cortical activi- 
ty is completely abolished was practi- 
cally not measured. This may explain 
why full recovery after a migraine 
attack is the typical outcome. 

The severity of neurologic deficits 
parallels the CBF reduction when 
CBF falls below 23 mL/100 g/min.? 
As the blood flow did not fall below 
the level where cortical activity is 
completely abolished (15 to 17 mL/100 
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g/min), our observations may also 
explain why the neurologic deficits in 
attacks of classic migraine typically 
are mild and incomplete. 

It has previously been suggested 
that the spreading reduction of CBF 
that occurs during classic migraine 
attacks could be an epiphenomenon 
accompanying a "spreading depres- 
sion of lead."* However, the blood 
flow reduction that aecompanies a 
spreading depression of lead in the rat 
is modest (ie, 20% to 25%) and does 
not reach ischemic values.” Therefore, 
the results of the present study are 
not in favor of this hypothesis. 
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e We used single photon emission 
computec tomography (SPECT) to study 
15 patients with Alzheimer’s disease and 
nine controis. lofetamine hydrochloride | 
123 uptake data were recorded from the 
entire bæn using a rotating gamma cam- 
era. Activity ratioswere measured for the 
frontal, 2»osterio: parietal, posterior, 
medial, and lateral cortical temporal 
regions anc striate cortex and were nor- 
malized by the actvity in the cerebellum. 
Abnormdiities in ioetamine hydrochloride 
| 123 activity were similar to the abnor- 
malities wm glucose metabolism observed 
with positromemis-ion tomography. Corti- 
cal trace- activity was globally depressed 
in patien-s with Alzheimer’s disease, with 
the greatest reduction in the posterior 
parietal cortex. 

(Arch aleuro!l 1957;44:165-168) 


ositraen emssion tomography 
- (PET) studies have described 
regional alteratiens in cerebral blood 
flow anc metabclism in Alzheimer’s 
disease.” Pesitrcn emission tomogra- 
phy is tee expens:ve and too difficult a 
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technique for routine use, and other 
imaging methods that might be more 
appropriate for wide-scale clinical 
application have been sought. 

Preliminary studies suggest that N- 
isopropyl iodine-123 p-iodoamphet- 
amine, or iofetamine hydrochloride I 
123 (IMP), a single photon-emitting 
radiotracer, may be useful in the 
characterization of Alzheimer’s dis- 
ease.’ A lipophilic substance, IMP 
crosses the blood-brain barrier and 
binds to nonspecific high-capacity 
binding sites. The substance is cleared 
from the blood in a single passage 
through the cerebral circulation; 
regional activity is proportional to 
regional blood flow. Peak brain activi- 
ty is reached within 20 minutes and is 
maintained for about one hour. In this 
period, redistribution within the 
brain is negligible.’ 

To determine the potential for '“I- 
labeled IMP in single photon emission 
computed tomography (SPECT) to 
distinguish Alzheimer’s disease from 
normal subjects, we compared the rel- 
ative IMP uptake in a group of 
patients with severe disease in whom 
the clinical diagnosis was highly prob- 
able with the uptake in healthy age- 
matched controls. 


PATIENTS AND METHODS 


Informed consent was obtained from 
nine healthy control subjects (five women 
and four men; mean age, 69.3 years; range, 
56 to 81 years) and from next of kin of 16 
patients. One patient was excluded because 
of motion during the SPECT study. Of the 
15 remaining patients, four were women 
and 11 were men. Their mean age was 69.8 


years (range, 58 to 81 years). All patients 
were suffering from severe (Global Deteri- 
oration Scale 5 to 6), gradually progressive 
dementia without prominent lateralizing 
neurologic signs. The isehemic score was 
less than 4 in each case.” The patients were 
homogeneous with clinical manifestations 
of advanced disease and met research cri- 
teria" for probable Alzheimer’s disease. 
Onset of illness was after 65 years in eight 
patients and before age 65 years in six. 
None of these patients had other compli- 
cating neurologic syndromes. Duration of 
illness averaged 4.6 years (range, 3 to 7 
years). All were alert, -ooperative, and 
ambulatory, but the sewerity of disease 
prevented standard neurcpsychologic test- 
ing. To exclude other causes of dementia, 
the following were exzmined in each 
patient: cerebrospinal fluid; serum chemis- 
tries, including blood cells, electrolytes, 
serum urea nitrogen, creatinine, liver func- 
tion, antinuclear antiger, VDRL, serum 
vitamin B, and folate, and thyroid hor- 
mone; and a chest radiograph. Control 
patients were each gainfu.ly employed and 
living independently; nene had known 
cerebrovascular disease. 

Iofetamine hydrochloride I 123 (5 mCi) 
was injected into an antecabital vein while 
the subject was seated with eyes open in a 
quiet softly lit room. After ten minutes, 
patients were placed supme using a head 
holder to minimize motion. Single photon 
emission computed tomography was per- 
formed with a rotating gamma camera 
(GE 400 AC), equipped with a long-bore 
collimator.” Projection data were acquired 
over 64 angular views in a 64 X 64-matrix 
format. After prefiltering of the projection 
images using a two-dimensional Hanning 
window (cutoff frequency 0.80 cm™'), the 
data were reconstructed by filtered back- 
projection. In-slice resolution, obtained at 
the center of the head, was 1.75 cm; the 
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Fig 2.—Each point represents ratio of mean (right and left) activity per pixel for cortical structure 
to mean activity per pixel for cerebellar hemisphere. Dash indicates mean. U test: Frontal, 
medial, lateral, and posterior temporal, and posterior parietal regions had marked reductions 
(P < .001); striate cortex had smaller reductions (P < .02). N indicates normal controls; AD, 


patients with Alzheimer’s disease. 


cross-plane resolution (slice thickness) was 


similar. 


Patients were not sedated before injec- 
tion of '*I-labeled IMP or during the 
course of the examination to avoid the 
effect of the sedative on cerebral perfusion. 
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In only one patient was the study techni- 
cally unsatisfactory due to motion. We 
therefore excluded him from the study and 
analyzed the data from the 15 patients 
with technically satisfactory SPECT 
studies. 





Fig 1.—Transaxial images using single photon emission computed tomography and iofetamine hydrochloride | 123 in three 
different planes show placement of regions of interest. Left, High transaxial plane; 1 indicates lateral frontal cortical region; 2, 
posterior temporal region; 3, posterior parietal cortical region; and 4, striate cortex. Center, Low transaxial plane; 5 indicates 
cerebellum. Right, Plane of temporal horns; 6 indicates medial cortical region; 7, lateral temporal cortical region. 


From the three-dimensional data set, we 
computed images in a plane parallel to the 
orbitomeatal line, in saggital and coronal 
planes, and in a plane defined by the 
temporal horns of the lateral ventricles. A 
semiquantitative method of assessing 
regional variation was employed; regional 
tracer uptake was measured in rectangular 
(2 X 4 pixels, 13 X 25 mm) regions of inter- 
est over right and left frontal, anterior 
temporal (medial and lateral), posterior 
temporal, and posterior parietal cortical 
regions and the striate cortex and cerebel- 
lar hemispheres (Fig 1). Relative tracer 
activity was expressed as a ratio of activity 
per pixel in the cortical regions of interest 
to the activity per pixel in the cerebellar 
regions of interest. Cerebellar activity was 
chosen for this purpose because count rates 
did not significantly differ (P > .2, U test) 
between patients and controls and because 
the cerebellum is not known to be a site of 
primary pathologic condition in Alzhei- 
mer’s disease." 

Computed tomographic scans were 
obtained in 12 of 15 cases, and postmortem 
examination was performed in one case. 
Ventricular enlargment was judged by 
using a ratio of the maximum distance 
between the ventricular surfaces (frontal 
horns, atria, and third ventricle) to the 
distance between the inner tables of the 
skull along the same line. 

Statistical comparisons were made using 
the U test, which does not require normally 
distributed data. Correlations are given by 
the Pearson’s product-moment correlation 
coefficient r. 


RESULTS 


Activity ratios in all measured cor- 
tical areas were significantly lower in 
patients with Alzheimer’s disease 
than in controls (Fig 2). Marked 
reductions were found in the posterior 
parietal (73% of control), frontal 
(77%), lateral (76%), medial (82%), 
and posterior temporal (83% ) cortical 
regions (Figs 3 and 4). Smaller reduc- 
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tions were found m the striate cortex 
(9175 ). 

No overall side-to-side differences 
in activity ratio were found either in 
patients with Alzueimer's disease or 
in controis (P » .£, U test), but there 
were marked asymmetries in individ- 
ual cases Fer example, one patient 
with Alzaeimer's disease and a five- 
year history of pmedominant aphasia 
had a markedly lower activity ratio in 
the left f-eantoparetal region than in 
the right (9.4 vs C.65). Comparison of 
the activity ratio data with computed 
tomography indexes (see the “Pa- 
tients amd Metheds" section) indi- 
cated no obvious correlation of IMP 
activity -atio amd ventricular size 
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(7? = .627 for the frontal horn span, 
.236 for the third ventricular span, 
and .245 for the span measured at the 
atria). 

Postmortem confirmation of Alz- 
heimer’s disease was obtained in a 
65-year-old man who had had five 
years of slowly progressive memory 
loss and had died of pneumonia eight 
months after IMP-SPECT scanning. 
IMP uptake was decreased globally 
but most profoundly in the posterior 
parietal and frontal lobes bilaterally 
(Fig 4). At autopsy, there were wide- 
spread cortical pathologic changes 
typical of Alzheimer’s disease, but 
pathologic change in the posterior 
parietal cortex was no greater than in 
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Fig 3.—Transamial (lef) and parasaggital (right) images with single photon emission computed 
tomography anc iofetemine hydrochloride | 123 of 78-year-old healthy control. Darker areas 
represent ggeate- tracer uptake. Striate cortex appears darker than other cortical regions in this 


image, mad= with sub »ct s eyes open. 


Fig 4.—Lef, Single photon emission computed tomographic image with iofetamine hydrochlo- 
nde! 123 ir narasaggsital plane demonstrating relative decrease in isotope uptake in posterior 
parietal and frontal areas in patient with pathologically confirmed Alzheimer's disease. 
Cerebellum and striate cortex have much higher tracer uptake. Primary sensorimotor cortex is 
darker than surroundir regions due to higher tracer uptake. Center, Image in same patient in 
transaxial pane. Note relatively high tracer uptake in striate cortex and cerebellum and much 
lower uptake im posterior portion of parietal lobe. Right, Gross specimen at autopsy (cerebellum 
nemoved) showing only mild ventricular dilatation and cortical atrophy. 
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other cortical areas; the cerebellum 
was free of such changes. Congo red- 
stained sections showed no evidence of 
vascular amyloid deposition, and 
there was no other vascular patholog- 
ic condition. 


COMMENT 


In clinically diagnosed advanced 
Alzheimer’s disease, images made 
with '?I-lIabeled IMP and SPECT can 
detect regional alterations in cortical 
tracer uptake, distinguishing patients 
with the disease from normal age- 
matched controls. The changes were 
similar to those seen in PET studies of 
regional metabolism.'* For example, 
Frackowiak et al,° using O 15-labeled 
oxygen and PET, found the parietal 
region to be the most affected and the 
striate cortex to be the least affected. 
These similarities are not surprising 
since regional cerebral blood flow is 
an index of regional cerebral metabo- 
lism.?* Furthermore, our observation 
that measured ‘I-labeled IMP con- 
centration is greater in the cerebel- 
lum than in the cortex is consistent 
with that of Kushner et al, who 
noted that measured glucose metabo- 
lism was greater in the cerebellum 
than in the cortex in both older nor- 
mal subjects and in patients with Alz- 
heimer’s disease. 

The regional IMP uptake pattern is 
visually striking in Alzheimer’s dis- 
ease, but numerical values can be 
assigned to regions of interest by 
assuming that the cerebellum is unaf- 
fected. Although pathologie studies 
support this assumption,* we found 
further support in that there was no 
significant difference in absolute 
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tracer activity obtained from the cere- 
bellum in normal controls. and 
patients with Alzheimer's disease. 
Three-dimensional collection of 
data with the rotating gamma camera 
has an important advantage over 
most PET systems. Images may be 
reconstructed from any desired cross- 
sectioned plane. We were able to 
reconstruct images along the plane of 
the temporal horns of the lateral ven- 
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iol and to n activity ratios - 
for medial and lateral temporal 


regions. 
The autopsy findings in one of our 


cases failed to demonstrate a corre- 
spondence between the severity of his- 
topathologic changes and reduction of 
IMP uptake. Thus, medial temporal 
regions, often the most heavily laden 
with neuritic plaques and neurofibril- 
lary tangles,'5 did not show the largest 
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Excellent control of 
generalized tonic-clonic 
seizures demonstrated 

in double-blind studies! ° 


TEGRETOL is indicated for ch ldrer 6 years 

and older and adults whose seizures are difficult 
to control or who are experiencing marked 

side effects from other antiepileptic drugs. 


Crs laa, AEA SCENE . WERE “EGE A 
ye wet ey rate Co TURA Oe ya e 2 + ST aa nde PX I P 
>t "Aem A Ad r bw" j -— ©. ye B * 

UV ER 2a WE." jm : ee A TAANE MASAT LL 
] M vts! 
4 4 > 3! 7 uu. 


LI 1*7 v 
Eti ^- £ 
* ido T^v - 


S 
5403 
Sy sy 


C] From a double-blind study of outpatients 
with simple or complex partial seizures 
that become secondarily generalized. 

“Each drug [TEGRETOL and phenytoin] 
provided superior seizure control in about 
half the patients...“ 

C] From a double-blind, crossover trial in 
outpatients with primary and secondary 
generalized seizures and partial seizures 
with motor symptoms: 

“NO difference could be disclosed with 
regard to the efficacy of phenytoin and 
Carbamazepine in the treatment of general- 
ized seizures, whether primary or secondary 
generalized.’ 


TEGRETOL is available as 100-mg 
cherry/mint-flavored, scored chewable 
tablets and 200-mg scored tablets. 
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NOTE: Because of the potential for adverse 
reactions, it is important that you become 
thoroughly familiar with the full Prescribing 
Information for TEGRETOL on the following 
pages, especially the boxed warning 
concerning blood abnormalities and the 
necessity for repeated blood counts. 


See following pages for Prescribing Information. 
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... because after seizure control, 
theres a lot of living to do! 
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WARNING 
SERIOUS AND SOMETIMES FATAL ABNORMALITIES OF BLOOD CELLS 
(APLASTIC ANEMIA, AGRANULOCYTOSIS, THROMBOCYTOPENIA, AND 
LEUKOPENIA) HAVE BEEN REPORTED FOLLOWING TREATMENT WITH 
TEGRETOL, CARBAMAZEPINE. 

EARLY DETECTION OF HEMATOLOGIC CHANGE IS IMPORTANT SINCE. IN 
SOME PATIENTS, APLASTIC ANEMIA IS REVERSIBLE 

COMPLETE PRETREATMENT BLOOD COUNTS, INCLUBING PLATELET 
AND POSSIBLY RETICULOCYTE AND SERUM IRON, SHOULD BE OB- 
TAINED. ANY SIGNIFICANT ABNORMALITIES SHOULD RULE OUT USE OF 
THE DRUG. THESE SAME TESTS SHOULD BE REPEATED AT FREQUENT 
INTERVALS, POSSIBLY WEEKLY, DURING THE FIRST THREE MONTHS OF 
THERAPY AND MONTHLY THEREAFTER FOR AT LEAST TWO TO THREE 
YEARS. THE DRUG SHOULD BE STOPPED IF ANY EVIDENCE OF 3ONE 
MARROW DEPRESSION DEVELOPS. 

PATIENTS SHOULD BE MADE AWARE OF THE EARLY TOXIC SIGNS AND 
SYMPTOMS OF A POTENTIAL HEMATOLOGIC PROBLEM SUCH AS FEVER. 
SORE THROAT, ULCERS IN THE MOUTH, EASY BRUISING, PETECHIAL OR 
PURPURIC HEMORRHAGE, AND SHOULD BE ADVISED TO DISCONTINUE 
THE DRUG AND TO REPORT TO THE PHYSICIAN IMMED ATELY IF ANY 
SUCH SIGNS OR SYMPTOMS APPEAR. 


This drug is not a simple analgesic and should not be used for the relief of 
trivial aches or pains. Treatment of epilepsy should be restricted to those 
classifications listed under ‘INDICATIONS AND USAGE.” 

Before prescribing Tegretol, the physician should be thoroughly familiar 
with the details of this prescribing information, particularly regarding use 
with other drugs, especially those which accentuate toxicity potential. 
DESCRIPTION 
Tegretol, carbamazepine USP. is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets 0*200 mg for oral 
administration. Its chemical name is 5H-dibenz([b,fljazepine-5-cerboxamice, and its 


structural formula is: 


| 
CONH2 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
soluble in alcohol and in acetone. Its molecular weight is 236.27 
Inactive Ingredients. Colloidal silicon dioxide, FD&C Red No. 3 chewable tablets only), 
FD&C Red No. 40 (200 mg tablet only), flavoring (chewable tablets only), gelatin, glycer- 
in, magnesium stearate, sodium starch glycolate (chewable tablets- only), starch, stearic 
acid, and sucrose (chewable tablets only). 

CLINICAL PHARMACOLOGY 
In controlled clinical trials, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia. 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation. Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential 
and bulbar and polysynaptic reflexes, including the linguomandibular reflex in cats. 
Tegretol is chemically unrelated to other anticonvulsants or other drugs used to control 
the pain of trigeminal neuralgia. The mechanism of action remaris unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate 
than a solution, thus avoiding undesirably high peak concentrations. Tegretol in blood is 
76% bound to plasma proteins. Plasma levels of Tegretol are vamable and may range 
from 0.5-25 ug/ml, with no apparent relationship to the daily intake of the drug. Usual 
adult therapeutic levels are between 4 and 12 ug/ml. Following eral administration, 
serum levels peak at 4 to 5 hours. The CSF serum ratio is 0.22. similar to the 22% 
unbound Tegretol in serum. Because Tegretol may induce its own metabclism, the 
half-life is also variable. Initial half-life values range from 25-65 hours, with 12-17 hours 
on repeated doses. Tegretol is metabolized in the liver. After orai administration of 
'4C-carbamazepine, 72% of the administered radioactivity was ‘ound in the urine and 
28% in the feces. This urinary radioactivity was composed largesy of hydroxylated and 
conjugated metabolites, with only 3% of unchanged Tegretol. Trsnsplacental passage of 
Tegretol is rapid (30 to 60 minutes), and the drug is accumulatec in fetal tissues, with 
higher levels found in liver and kidney than in brain and lungs. 

INDICATIONS AND USAGE 

Epilepsy: Tegretol is indicated for the following conditions in petients who have not 
responded satisfactorily to treatment with other agents such as »henytoir, phenobar- 
bital, or primidone: 

1. Partial seizures with complex symptomatology (psychomotor. tempore! lobe). Pa- 
tients with these seizures appear to show greater improvement ‘nan those with other 
types. 
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2. Generalized tonic-clonic seizures (grand mal). 
3. Mixed seizure patterns which include the above, or other partial or generalized 
seizures. 

Absence seizures (petit mal) do not appear to 5e controlled by Tegretol (see 
PRECAUTIONS General) 

Because of the necessity for frequent laboratory evaluation for potentially serious sii 
effects, Tegretol is no! recommended as the druc of first choice in seizure disorders. It 
should be reserved for patients whose seizures are difficult to control or patients expe! 
encing marked side effects (e.g., excessive sedation). 

Trigeminal Neuralgia: Tegretol is indicated in tne treatment of the pain associated 
with true trigeminal neuralgia. 

Beneficial results have also been reported in glossopharyngeal neuralgia. 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depres- 
sion, hypersensitivity to the drug, or known sensitivity to any of the tricyclic compound: 
such as amitriptyline, desipramine, imipramine, protriptyline, nortriptyline, etc. Likewis 
on theoretical grounds its use with Monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol. MAO inhibitors should be discontinued for a minimu! 
of fourteen days, or longer if the clinical situation permits 
WARNINGS 
The drug should be discontinued if evidence of significant bone marrow depression 
occurs, as follows: 


1) Erythrocytes less than 4,000:000/cu mm 
Hematocrit less than 32% 
Hemoglobin less than 11 gm/100 mi 

2) Leukocytes less than 4000/cu mm 

3) Platelets less than 100,C00/cu mm 


4) Reticulocytes less than 0.3% (20,000/cu mm) 
5) Serum iron greater than 150 ug/100 ml 

Patients with a history of adverse hematologic reaction to any drug may be particu- 
larly at risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyells syndrom 
and Stevens-Johnson syndrome, have been reported with Tegretol. These reactions 
have been extremely rare. However, a few fatalities have been reported. 

Tegretol has shown mild anticholinergic activity; there'ore, patients with increased 
intraocular pressure should be closely observed during therapy. 

Because of the relationship of the drug to other tricyclic compounds, the possibility c 
activation of a latent psychosis and, in elderly patients, of confusion or agitation shoulc 
be borne in mind. 

PRECAUTIONS , 
General: Before initiating therapy. a detailed history and physical examination should 
be made. 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associ- 
ated with increased frequency of generalized convulsions (see INDICATIONS AND 
USAGE) 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients 
with a history of cardiac, hepatic or renal damage, adverse hematologic reaction to 
other drugs, or interrupted courses of therapy with Tegretol. 

Information for Patients: Since dizziness anc drowsiness may occur, patients shou 
be cautioned about the hazards of operating machinery or automobiles or engaging ir 
other potentially dangerous tasks. 

Laboratory Tests: Complete pretreatment blood counts, including platelets and pos: 
sibly reticulocytes and serum iron, should be obtainec. Any significant abnormalities 
should rule out use of the drug. These same tests should be repeated at frequent 
intervals, possibly weekly, during the first three months of therapy and monthly there- 
after for at least two to three years. 

Baseline and periodic evaluations of liver function, particularly in patients with a 
history of liver disease, must be performed during treatment with this drug since liver 
damage may occur. The drug should be discont nued immediately in cases of aggra- 
vated liver dysfunction or active liver disease. 

Baseline and periodic eye examinations, including slit-lamp, funduscopy and tonom 
etry, are recommended since many phenothiazines and related drugs have been shov 
to cause eye changes. 

Baseline and periodic complete urinalysis and BUN ceterminations are recom- 
mended for patients treated with this agent because of observed renal dysfunction. 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the 
efficacy and safety o! anticonvulsants. This moritoring may be particularly useful in 
cases of dramatic increase in seizure frequency and for verification of compliance. In 
addition, measurement of drug serum levels may aid in determining the cause of toxic 
when more than one medication is being used. 

Thyroid function tests have been reported to show decreased values with Tegretol a 
ministered alone. 

Drug Interactions: The simultaneous administration cf phenobarbital, phenytoin, or 
primidone, or a combination of two, produces a "marked lowering of serum levels of 
Tegretol. 

The half-lives of phenytoin, warfarin, doxycycline, anc theophylline were significanth 
shortened when administered concurrently with Tegretol. Haloperidol serum levels me 
be reduced when the drug is administered with Tegretol The doses of these drugs ma 
therefore have to be increased when Tegretol is added to the therapeutic regime. 

Concomitant administration of Tegretol with esythromycin, cimetidine, propoxyphen 
isoniazid or calcium channel blockers has been reported to result in elevated plasma 
levels of carbamazepine resulting in toxicity in some cases. Also, concomitant admini: 
tration of carbamazepine and lithium may increase the risk of neurotoxic side effects. 

Alterations of thyroid function have been repcrted in combination therapy with other 
anticonvulsant medications. 

Breakthrough bleeding has been reported arrong patients receiving concomitant or 

contraceptives and their reliability may be adversely affected. 
Carcinogenicity, Mutagenesis, Impairment of Fertility: Carbamazepine, when 
administered to Sprague-Dawley rats for two years in tre diet at doses of 25, 75, and 
250 mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular 
tumors in females and of benign interstitial cell adenomas in the testes of males. 

Carbamazepine must, therefore, be considered to be carcinogenic in Sprague- 
Dawley rats. Bacterial and mammalian mutagenicity studies using carbamazepine 
produced negative results. The significance of these findings relative to the use of 
carbamazepine in humans is, at present, unknown. 

Pregnancy Category C: Tegretol has been shown to have adverse effects in repro- 

duction studies in rats when given orally in dosages 10-25 times the maximum humar 
daily dosage of 1200 mg. In rat teratology studies, 2 of 135 offspring showed kinked rit 
at 250 mg/kg and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palat 
1; talipes, 1; anophthalmos, 2). In reproduction studies in rats, nursing offspring demor 
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Tegretoi* carsamazepine USP 
strated a lack Drwesht gair-and an unkempt appearance at a maternal dosage level of 
200 mg/kg 


There are ro adeguate and well-controlled studies in pregnant women. Tegretol 
should be usedurmg pregnancy only if the potential benefit justifies the potential risk to 
the tetus. 

Its importanstanote thatanticonvulsant drugs should not be discontinued in patients 
in whom the crug is-administered to preventrnajor seizures because of the strong pos- 
sibility of prec2«taurg statusepilepticus witk attendant hypoxia and threat to life. In 
individual cas#=where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient, discontinuation of 
the drug; may »e comsiderecprior to and during pregnancy, although it cannot be said 
withrany.confience-that even minor seizures do not pose some hazard to the develop- 
inc embryo orietus. 

Labor and Delivery: The etfect of Tegretol 9n human labor and delivery is unknown. 
Nursing Mothers: During lactation, concer tration of Tegretol in milk is approximately 
'60*c-0f the meterrasplasma- concentration. 

Because of ‘he potential fer serious adverse reactions in nursing infants from carba- 
mazepine, a decision should be made whett er to discontinue nursing or to discontinue 
Ihe drug, taking 'nte-acceuntthe mportance»of the drug to the mother. 

Pediatric Use: Safety and effectiveness in children below the age of 6 years have not 
been establishes. 

ADVERSE REACTIONS 

M adverse reactions are of such severity that :he drug must be discontinued, the phy- 
Sician must bexsware that abrupt discontinuation of any anticonvulsant drug in a 
respensive epaeptic patient may lead to seizures or even status epilepticus with its 
Me-threateninc hazards. 

The most sewereariverse reactions have been observed in the hemopoietic system 
[see boxed WARNING), the skin, and the cardiovascular system. 

The most frequently observed adverse reactions, particularly during the initial phases 
of therapy, are zzmess, drowsiness, unsteadiness. nausea, and vomiting. To mini- 
mizethe possisilit y.c' such reactions, therapy should be initiated at the low dosage 
commended 

The following aditional adverse reactionshave been reported: 

"lemopoietic System Apiastc anemia, agranulocytosis. thrombocytopenia, leukope- 
^ia. leukocytos:s. eosinophilia. 

Skin. Pruritic asd esythemataus rashes. urticaria, toxic epidermal necrolysis (Lyells 
syndrome) (se= WARNINGS). Stevens-Johnson syndrome (see WARNINGS). photo- 
sensitivity reactions_alterations in skin pigmentation, exfoliative dermatitis, erythema 
muttitorme anc socDsum. purpura, aggravation of disseminated lupus erythematosus. 
alopecia. and ciaphicresis. Ir certain cases. ciscontinuation of therapy may be 
necessary. 

Zaramvascula- System: Congestive heart failure, edema, aggravation of hypertension, 
hypotension, s-r'ccpe and collapse, aggrava ion of coronary artery disease, arrhyth- 
mias and AV bisek.pamary thrombophlebitis. recurrence of thrombophlebitis, and 
adenopathy or »umnghadenopathy. 

Some of thesecarciovascular complicatiors have resulted in fatalities. Myocardial 
nfarctionhas =nsessociated with other tricyclic compounds. 

Liver Abnormeiies m liver function tests, cholestatic and hepatocellular jaundice, 
hepattis 

Respiratory System: Pulmonary hypersensitwity characterized by fever, dyspnea, 
pneumonitis ormnegmonia. 

Genitourinary System: Urinary frequency, acute urinary retention, oliguria with elevated 
bloed pressure azctemia, renal failure. and impotence. Albuminuria, glycosuria, ele- 
vated BUN ancrmicroscopic deposits in the usine have also been reported. 

Testicular atraphy occurrecun rats receivinc Tegretol orally from 4 to 52 weeks at dos- 
age levels of SC to 409 mo/kc day. Adcitionalty, rats receiving Tegretol in the diet for two 
years at dosage evels of 25, 75, and 250 mg/kg/day had a dose-related incidence of 
testcalar atrophyane aspermatogenesis. In dogs, it produced a brownish discoloration, 
presumably a metabelite, in the urinary bladder at dosage levels of 50 mg/kg and 
Figher. Relevance of these findings to humans is unknown. 
Nervous System Dizziness, drowsiness, disturbances of coordination, confusion, 
headache, fatigue, blbrrec vision, visual hallucinations, transient diplopia, oculomotor 
cisturbances, mystagmus, speech disturbances, abnormal involuntary movements, 
peripheral neurtss and parestnesias, depression with agitation, talkativeness, tinnitus, 
end'hwperacuss. 

There have been reports ofassociated parelysis and other symptoms of cerebral arte- 
ral insufficiency. but the exact relationship of these reactions to the drug has not been 
estabiished. 

Digestive System Nausea, vomiting. gastric distress and abdominal pain. diarrhea. 
constipation, ararexia, and dryness of the mouth and pharynx, including glossitis and 
Stomatitis. 

Eyes: Scatterec. 5unctate. cortica! lens opacities, as well as conjunctivitis have been 
reported. Althoucn a direct causal relationshig has not been established, many pheno- 
thiazines and reiated drugs have been shown'to cause eye changes. 

NMusculoskelete* System: Aching joints and muscles, and leg cramps. 

Metabolism: Fewer ard chills. inappropriate antidiuretic hormone (ADH) secretion syn- 
arome has beer reported. 

DRUG ABUSE ANDIDEPENDENCE 

No ewdence of aBbusepotential has been asseciated with Tegretol, nor is there evidence 
Gf psychologica: or physica! dependence in humans. 

OVERDOSAGE 

Acute Toxicity 

Lowest known let3;aicose: adults. > 60 g (39-year-old man). Highest known doses 
survived: adults: 30 g (31-year-old woman); children, 10 g (6-year-old boy); small chil- 
den, 5 g (3-yea=sicairl). 

Ora! LDco in e&wmais (mg/kg): mice. 1100-3750; rats, 3850-4025; rabbits, 1500-2680; 
guinea pigs, 920. 

Signs and Symptoms 

Tne first signs ame symptoms appear atter 1-3 hours. Neuromuscular disturbances are 
the mest promir=nt. Cardiovascular disordersare generally milder, and severe cardiac 
complications o=curonly when very high doses (>60 g) have been ingested. 
Respiration: \rrequiar 5reathirg, respiratory depression. 

Cardiovascular System: Tachycardia, hypoter sion or hypertension, shock, conduction 
d'sorders. 

Nervous System and Muscles: Impairment of sonsciousness ranging in severity to 
deep coma. Convulsions, especially in small children. Motor restlessness, muscular 
twitching. tremor stheloid movements, opisthetonos, ataxia, drowsiness, dizziness, my- 
d'iasis, nystagmus. seradochekinesia, ballism, psychomotor disturbances, dysmetria. 
Initial myperrefiexm, ‘oliowed by hyporeflexia. 

Castrointestina* Fact Nausea, vomiting. 

kidneys and Biacder- Anuria or oliguria, urinary retention. 
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Laboratory Findings: Isolated instances of overdosage ^ave included leukocytosis, 
reduced leukocyte count. glycosuria and acetonuria. EEG may show dysrhythmias. 
Combined Poisoning: When alcohol. tricyclic antidepressants, barbiturates or hydan- 
toins are taken at the same time, the signs and symptoms of acute poisoning with 
Tegretol may be aggravated or modified. 

Treatment 

The prognosis in cases of severe poisoning is critically dependent upon prompt elimina- 
tion of the drug. which may be achieved by inducing vomiting, irrigating the stomach, 
and by taking appropriate steps to diminish absorption. If these measures cannot be 
implemented without risk on the spot, the patient should be transferred at once to-a hos- 
pital, while ensuring that vital functions are safeguarded There is no specific antidote. 
Elimination of the Drug: Induction of vomiting. 

Gastric lavage. Even when more than 4 hours have elapsed 'ollowing ingestion of the 
drug, the stomach should be repeatedly irrigated, especially if the patient has also con- 
sumed alcohol. 

Measures to Reduce Absorption: Activated charcoal, laxatives 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with renal failure: Replace- 
ment transfusion is indicated in severe poisoning in small children. 

Respiratory Depression: Keep the airways free; resort. if necessary, to endotracheal 
intubation, artificial respiration, and administration of oxygen. 

Hypotension, Shock: Keep the patients legs raised and administer a plasma expander. 
If blood pressure fails to rise despite measures taken to increas» plasma volume, use ot— 
vasoactive substances should be considered. 

Convulsions: Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension, and coma. However, barbiturates shoulc not be used if drugs 
that inhibit monoamine oxidase have also been taken by the patient either in overdos- 
age or in recent therapy (within one week). 

Surveillance: Respiration, cardiac function (ECG monitoring), bood pressure. body 
temperature, pupillary reflexes, and kidney and bladder functiom should be monitored 
for several days. 

Treatment of Blood Count Abnormalities: If evidence of bone marrow depression de- 
velops, the following recommendations are suggested: (1) stop the drug, (2) perform 
daily CBC, platelet and reticulocyte counts. (3) do a bone marrow aspiratien and tre- 
phine biopsy immediately and repeat with sufficient frequency te monitor recovery. 

Special periodic studies might be helpful as follows: (1) white zell and platelet anti- 
bodies, (2) °%Fe—ferrokinetic studies, (3) peripheral blood ceil typing, (4) cytogenetic 
studies on marrow and peripheral blood, (5) bone marrow culture studies tor colony- 
forming units, (6) hemoglobin electrophoresis for A; and F hemoglobin, and (7) serum 
folic acid and B,; levels. 

A fuily developed aplastic anemia will require appropriate, intensive monitoring and 
therapy. for which specialized consultation should be sought. 

DOSAGE AND ADMINISTRATION 

Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS Laboratory Tests). Dosage should be adjusted to the needs of the 
individual patient. A low initial daily dosage with a gradua! increase is advised. As soon 
as adequate control is achieved, the dosage may be reduced very gradua y to the mini- 
mum effective level. Tablets should be taken with meals. 

Epilepsy (see INDICATIONS AND USAGE). 

Adults and children over 12 years of age— Initial: 200 mg b i.d. Increase at weekly 
intervals by adding up to 200 mg per day using a t.i.d. or c.i.d. regimen until the best 
response is obtained. Dosage should generally not exceed 100C mg daily in children 12 
to 15 years of age, and 1200 mg daily in patients above 15 years of age. Deses up to 
1600 mg daily have been used in adults in rare instances. Maintenance: Adjust dosage 
to the minimum effective level. usually 800-1200 mg daily 

Children 6-12 years of age— Initial: 100 mg b.i.d. Increase at weekly intervals by 
adding 100 mg per day using a t.i.d. or q.i.d. regimen until the best response is obtained. 
Dosage should generally not exceed 1000 mg. Maintenance: Adjust dosage to the 
minimum effective level, usually 400-800 mg daily. 

Combination Therapy: Tegretol may be used alone or with other anticonwulsants. 
When added to existing anticonvulsant therapy. the drug shou'd De added gradually 
while the other anticonvulsants are maintained or gradual y decrsased, except pheny- 
toin, which may have to be increased (see PRECAUTIONS Drug Interactions). 
Trigeminal Neuralgia (see INDICATIONS AND USAGE). 

Initial: 100 mg b.i.d. on the first day for a total daily dose of 200 mg. This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg avery 12 hours only as 
needed to achieve freedom from pain. Do not exceed 1200 mg daily. 

Maintenance: Control of pain can be maintained in most patients with 40C mg to 

800 mg daily. However, some patients may be maintained on as ittle as 20D mg daily, 
while others may require as much as 1200 mg daily. At least once every 3 months 
throughout the treatment period, attempts should be made to recuce the dose to the 
minimum effective level or even to discontinue the drug. 

HOW SUPPLIED 

Chewable Tablets 100 mg —round, red-speckled, pink. single-scored (imprinted 
Tegretol on one side and 52 twice on the scored side) 
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- Visual Loss in Pseudotumor Cerebri 





Incidence and Defects Related to Visual Field Strategy 


Michael Wall, MD, Donna George, RN 


e Visual field examinations were per- 
formed serially on 20 patients with pseu- 
dotumor cerebri using a modified Armaly- 
Drance visual field strategy with a Gold- 
mann perimeter as well as an automated 
perimeter (Octopus). Visual loss was 
found in 7596 of eyes using the manual 
strategy and in 77.5% of eyes with auto- 
mated threshold perimetry. This inci- 
dence of visual loss is 50% greater than 
any previously reported series. All major 
defects detected were present with both 
types of perimetry. Both strategies were 
more sensitive for documenting visual 
loss than previously described strategies. 
Since therapy for pseudotumor cerebri is 
determined by the degree and progres- 
sion of visual loss, a specific sensitive 
strategy, rather than routine screening 
perimetry, should be used for determina- 
tion of visual loss. 

(Arch Neurol 1987;44:170-175) 


| diopathic intracranial hyperten- 

sion, also known as pseudotumor 
cerebri, is a disorder of elevated intra- 
cranial pressure of unknown cause. 
The only permanent sequel of this 
disorder is the loss of sensory visual 
function. This has been measured by 
determining visual acuity with the 
best possible optical correction and 
formal kinetic perimetry. In most of 
the retrospective studies to date, for- 
mal visual field examination has not 
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been reported in a detailed fashion. In 
those studies that have reported 
visual field data, one fifth to one half 
of patients have demonstrated visual 
field defects.'^ The visual field strate- 
gy used was not specified in these 
studies, and there are no series in 
which computerized perimetry has 
been used. 

The visual field defects that have 
been reported, other than enlarge- 
ment of the blind spot, are generalized 
constriction; nasal (especially infe- 
ronasal) loss; central, paracentral, 
and cecocentral scotomas; arcuate 
scotomas; temporal nerve fiber-bun- 
à defects; and altitudinal patterns of 
oss.’ 

Because of the high incidence of 
visual field defects in the central 30 
degrees and along the nasal horizon- 
tal meridian, we used two visual field 
strategies that specifically evaluated 
these areas. Twenty patients were 
prospectively studied to determine the 
frequency and morphology of their 
visual field defects. 


PATIENTS AND METHODS 


Twenty-five consecutive patients re- 
ferred with idiopathic intracranial hyper- 
tension were evaluated at Tulane Medical 
Center, New Orleans. Four patients were 
excluded from the study because they were 
only examined one time. Another was 
excluded because of the presence of hyper- 
vitaminosis A and a high cerebrospinal 
fluid protein level. Of the remaining 20 
patients, 13 were in the active phase of 
their disease, one patient's symptoms and 
papilledema had nearly resolved, and six 
had a definite prior diagnosis of idiopathic 
intracranial hypertension, but their symp- 
toms and papilledema had resolved. The 
patients ranged in age from 25 to 58 years, 


with a mean age of 35 years. Two were men 
and 18 were women. Nineteen of the 20 
patients were obese. Fifteen patients were 
black and five had high blood pressure. The 
period of follow-up from the onset of the 
study ranged from four months to two 
years. All of the patients had symptoms 
and signs of increased intracranial pres- 
sure without alteration in their mental 
status. Neurodiagnostic studies were nor- 
mal except for an elevated cerebrospinal 
fluid pressure. The patients had no second- 
ary cause for pseudotumor cerebri, except 
possibly for a patient who was eating liver 
three times a week and about 2.2 kg of 
liverwurst per week. 

Perimetry with a Goldmann apparatus 
was performed on all patients in the stan- 
dard fashion by an experienced perimetrist 
(D.G.) at each visit. The patient's refrac- 
tive correction with the appropriate addi- 
tion for near was used for the central 30 
degrees. The types of field defects in idio- 
pathic intracranial hypertension are simi- 
lar to those found in patients with glauco- 
ma; we thus used a modification of the 
Armaly-Drance glaucoma screening tech- 
nique* to survey for visual loss (Fig 1). 
This technique carefully tests the central 
30 degrees and the nasal horizontal merid- 
ian. In addition, automated threshold 
perimetry (computerized perimetry) was 
performed in the usual fashion with an 
automated perimeter (Octopus model 201). 
Patients were tested serially with program 
32, which tests the central 30 degrees at 
six-degree intervals offset three degrees 
from the horizontal meridian. This six- 
degree grid is shown under the heading 
"difference" in Fig 2, left. Note that the 
numbers in the difference diagram repre- 
sent the decibels of visual loss calculated 
by subtracting the subject's visual thresh- 
old at the given point (“actual”) from the 
value predicted from testing age-matched 
normal subjects (“normal”). The gray scale 
diagram is an extrapolated visual repre- 
sentation of the patient's actual test result 


Pseudotumor Cerebri — Wall & George 


‘Fig 2, left . A -urther explanation of auto- 
mated perimeary is discussed in Drance 
and Anderson. 

A rest breakeof at least five minutes was 
given betweem tests. Rest periods were 
encouragec dumng the procedure if fatigue 
was noted er re»orte«. The automated test- 
mg was Gene on tae same day as the 
manual perimery with at least 30 minutes 
break »etween the examinations. 

To determine criteria of visual loss, sub- 
jects aze-matened te the first 15 patients 
were selicited rom a population of hospi- 
tal personnel with no history of ocular 
disease. Tacy had normal complete eye 
examinatien rexults,.and those with possi- 
dle abuormalites on threshold automated 
perimetry test ng had manual perimetry 
performed wit a Goldmann perimeter. 
Those wita atmormal manual perimetry 
were excluded. 

Our find. ags with automated testing on 
aorma sube showed considerable fluc- 
-uatior frem the norm in some subjects, 
even when roo mean square criteria with 
93975 cenfidence limits was applied. Using a 
program ZZ. fe of the normal subjects 
aad greater tham one point with loss of 
more than 4 43 i» tae central 30 degrees, 
excluding “be gion of the blind spot. Two 
subjects had more tnam five such defects, 
aspecially im the superior portion of the 
3eld. 

Based om the resu:ts of the normal con- 
-rols, visual fields that were tested with 





Fig 1.—Modified Armaly-Drance visual field algorithm for right eye for Goldmann perimetry. 
Arrows indicate sites tested by kinetic perimetry and dots indicate static perimetric target sites. 
Suprathreshold spot static checks were performed with kinetic isopter stimulus just peripheral to 


static stimulus site. 
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Fig 2.—Visual field examination of right eye of patient 18. Left, 
Automated perimetry shows an inferonasal step defect (arrow at left) 
and paracentral scotoma (curved arrow). Patient's actual score at 76 
points in central 30 degrees is shown on far left. Expected value for 
normal subject of similar age is shown on far right. Figures in center 
under ''difference" show difference between normal and actual values. 
Numerical values are only printed out if they are more than 4 dB below 
expected value. Right, Manual perimetry of same eye with large 
inferonasal step defect. Paracentral scotcma found on automated 
testing was not detected. 
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Patient 
No. 


INL, SArc, lArc 
C 

INL, C 

Normal 


ESWEMPTEPONEGUETUTISUIMUENEEYU UU ERUNT 


vin 


Octopus (Program 32) 


C, SArc 
INL Normal 
NL, C, ITL 
INL, C 
Normal 


INL, SNL, SArc, lArc 


NL. C 
NL, C 
Normal 


SArc, IL 
Normal 
INL, C 
NL, C 
Normal 


20/20 
20/20 


6t 25 Normal Normal NL NL, PCS, SArc 20/15 20/15 


31 Normal 
32 C, SArc 
55 C 

34 C 


Normal 


C, SArc, PCS, lArc, INL 


Normal INL 
C C 


Normal INL 


CF at 1 min 
20/20 
20/20 


11t 49 INL, C INL, C INL INL 20/20 20/20 
12 43 C, CS, INL, SNL C, INL, CeS C, NL, CeS C, NL, CeS CF at 8 min CF at 8 min 
13f 35 C, NL, ITL C, NL C, NL, CeS, ITL C, INL, STL 20/30 20/20 


14t 41 INL 
15t 58 INL, C 
16 28 Normal 
1 3 INL, C 
1 


1 
2 19 


Normal INL 
INL, C 
CeS Normal 
INL, C, SArc 


NL. C 


INL, C 


INL 


6 INL , 
0 INL INL, SAL, PCS NL INL 20/20 20/15 
C al 


| 
Normal Norm 





INL, C 


NL 
CeS 
NL, C 


7 2 

8t 3 NL, PCS SL, IL 20/20 20/20 
9 3 

0 


Normal 


20/20 
20/25 
20/20 
20/20 


20/20 
20/25 
20/15 
20/20 


20/20 20/20 


* OD indicates left eye; OS, right eye; C, constriction; NL, nasal loss; INL, inferonasal loss; SNL, superior nasal loss; lArc, inferior arcuate defect; SArc, superior 
arcuate defect; PCS, paracentral scotoma; CS, central scotoma; CeS, cecocentral scotoma; SL, superior loss; IL, inferior loss; ITL, inferior temporal loss; STL, superior 


temporal loss; and TI, temporal island remaining. 
TDenotes patient with inactive disease. 


the automated perimeter (Octopus) were 


called abnormal if, excluding the region of 
the blind spot, there was greater than 4-dB 
loss of sensitivity at three adjacent points, 
or 10-dB or greater loss of sensitivity was 
present at a given point. In addition, for a 
point to be abnormal, its value had to fall 
outside the 99th percentile (2.5 times the 
root mean square fluctuation value) for the 
test. 


RESULTS 


The composite results of the peri- 
metric examinations of the patients 
with idiopathic intracranial hyperten- 
sion are summarized in Table 1. There 
were 59 office visits at which manual 
perimetry (Goldmann perimeter) and 
automated threshold perimetry was 
performed (Octopus perimeter). Of 
the 20 patients in the study, only one 
had normal acuity, automated thresh- 
old, and manual perimetry (excluding 
blind spot enlargement) in both eyes. 
Patients 8, 16, and 20 had one eye 
normal to these parameters. All 
patients had some enlargement of the 
physiologic blind spot. 

Excluding blind spot enlargement, 
manual perimetry with the Goldmann 
apparatus using the algorithm in Fig 
1 detected abnormalities in 30 (75%) 
of 40 eyes, and automated threshold 
perimetry was abnormal in 31 (77.5% ) 
of 40 eyes. However, the automated 
testing only surveyed the central 30 
degrees. Visual acuity was abnormal 
(worse than 20/20) in nine (22.5%) of 
40 eyes. Of these, four (10%) had 
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Defect 






acuities greater than 20/30. 

The types of visual field defects 
found are listed in Table 2. As in 
previous series, constriction and loss 
on the nasa! side of the visual field 
were the most frequently encountered 
defects. In comparison with manual 
testing, inferonasal defects were fre- 
quently seen with automated testing 
but were usually not well delineated 
at the nasal horizontal meridian 
unless they were large (Fig 3). More 
often than not, the nasal defects found 
with automated perimetry appeared 
as a generalized depression on the 
nasal side of the visual field rather 


Table 2.— Visual Field Defects in Idiopathic Intracranial Hypertension (n = 40 Eyes) 


Goldmann 
Perimetry, No. (95) 


Constriction 20 (50) 15 (37.5) 


Inferonasal loss 18 (45) 13 (32.5) 
Nasal loss 3 (7.5) 12 (30) 
Cecocentral scotoma 2 (5) 4 (10) 
Superior loss 2 (5) 2 (5) 
Inferior arcuate defect 1 (2.5) 2 (5) 
Central scotoma 1 (2.5) O 
Paracentral scotoma 1 (2.5) 3 (7.5) 













Octopus 
Perimetry, No. (%) 














than as an inferonasal step defect (Fig 
3, left eye). 

There were 15 field defects noted on 
manual threshold perimetry not 
found on automated perimetry (Table 
3). However, as noted above, the com- 
puterized testing was limited to the 
central 30 degrees of the visual field 
with testing of the static threshold at 
points six degrees apart. There were 
20 areas of visual loss found with 
computerized testing not present with 
manual testing (Table 3). These 
defects were primarily scotomas and 
depressions on the nasal side of the 
visual field. The discrepancies be- 
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Fig 3.—Visual field examination of patient 4. Manual perimetry (top) shows characteristic inferonasal step defects found 
frequertly in this series of patients. Automated perimetry (bottom) of central 60 degrees does not show step defect well in 
iet! eye, but does define step defect in right eye. Nasal loss is present in left eye. 


Table 3.— Visual Field Defects Found With Only One Type of Perimetry (n = 40 Eyes) 


Goldmann 
Defect Perimetry Octopus Perimetry 


Constriction 6 1 


tween the two -ests refer to minor 
defects. Large cefects were detected 
by both types of perimetry. 

The ear iest field.defects noted were 
nasal loss. especraliy inferonasal steps 


and censtrictiom o! either peripheral Inferonasal loss 3 4 

er central iscpters. Occasionally, Nasal ioss 0 3 

ercuate defects and scotomas in the 

centra! 30. degrees (especially on auto- 

mated testing) were seen as early Inferior arcuate defect 1 2 

fndings (Fig 2. In three patients Cecocentral scotoma O 1 

(21% ) several visual loss was present 

on the initial evaluation. Field defects Paracentral scotoma 1 3 

were eccasionaly remarkably rever- 

sible with treatment (Fig 4). Inferior loss 0 2 
COMMENT 


Total 15 20 
Normal eyes 10 9 


Of the 20 mapor series of patients 
with idiopathic iatracranial hyperten- 
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Fig 4.—Initial visual field examination performed with manual perimetry in patient 4 is diagrammed. Top, Note marked 
constriction and almost complete nasal loss present in left eye. Bottom, Examination three days later following high-dose 
acetazolamide and corticosteroid therapy; much of function of superior nasal quadrant of left eye has returned. 


sion that address sensory visual func- 
tion, only five give a detailed analysis 
of loss of visual acuity and visual 
field.'^ A compilation of data from 
these retrospective and follow-up 
series reveals that one in three 
patients with idiopathic intracranial 
hypertension has visual field defects 
and one in five has a visual acuity 
deficit. 

Of these series, Corbett and asso- 
ciates? found that 56 (49% ) of 114 eyes 
had visual loss. Kinetic perimetry 
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with the Goldmann perimeter was 
used but the strategy was not noted. 
In our retrospective series of 45 
patients with idiopathic intracranial 
hypertension screened with Gold- 
mann kinetic I, and I, targets, one 
fourth of patients had demonstrable 
visual field effects.' Orcutt and asso- 
ciates! found visual field or acuity loss 
in 49% of their patients, using a 2-mm 
white tangent screen target at 1 meter 
or a Goldmann IL, target. Rush? noted 
32% of patients with idiopathic intra- 


cranial hypertension had field defects 
using either a tangent screen or a 
Goldmann or Aimark perimeter. Bul- 
ens et al,* using a Goldmann perime- 
ter, noted a one in five incidence of 
visual field defects exeluding blind 
spot enlargement. The visual field 
strategy in the latter two studies was 
not mentioned. 

In the present series, 77.5% of eyes 
had visual loss detected by automated 
threshold perimetry, and 75% of eyes 
had evidence of visual field loss by 
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manual perimetry. These figures are 
50% greater than the highest rates of 
detection to date.~ This series is the 
first one using an Armaly-Drance 
-type visual field algorithm or auto- 
mated perimetry to evaluate a group 
of patients with pseudotumor cerebri. 
Routine semeening strategies show 
visual los im about one in four eyes 
tested. With one of the strategies 
used in this study, three in four eyes 
had visual iess. Thus, frequency of 
defect detection is highly dependent 
on the visual field strategy used. 

The merpcology and frequency of 
most defects im our patients were sim- 
ilar to these of the five series 
reviewed. Loss on the nasal side of the 
visual field. especially inferonasal 
loss, and comstriction of the visual 
field were the most common defects. 
Of interest in our series were the 
findings of eight seotomas of the 
paracentral, eentral, and cecocentral 
variety. This high an incidence of 
these scctemas has not previously 
been reported. to our knowledge. 

Thresheld static perimetry (Octo- 
pus) dete-ted an abnormality in 31 
(77.5% ) of the 40 eyes tested. As with 
manual perimetry, the most common 
defects were constriction and infero- 
nasal anc rzsal loss. Of the eight 
fields tha: were normal by manual 
perimetry five had defects on auto- 
mated testine that consisted of nasal 
loss or censtriction in all five eyes 
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with a paracentral scotoma and supe- 
rior loss each in one eye. Automated 
threshold testing was more sensitive 
for detecting various types of scoto- 
mas. This superiority of threshold 
automated perimetry for scotoma 
detection has been noted previously in 
series of patients with glaucoma and 
retinal diseases? and multiple sclero- 
sis.'? The increased rate of detection of 
defects with automated perimetry in 
this study is most likely due to stato- 
kinetic dissociation and use of thresh- 
old, rather than suprathreshold static 
testing. Our experience that auto- 
mated threshold perimetry seldom 
fails to detect a meaningful visual 
defect, although false-positive defects 
do occur, especially if liberal criteria 
for determining defects are used, is 
consistent with that of others." We 
have also noted, as Beck and asso- 
ciates" reported, that defects present 
on automated perimetry tend to be 
more extensive compared with those 
present on manual perimetry. Manual 
perimetry was superior to automated 
threshold perimetry in defining step 
defects at the nasal horizontal meridi- 
an, although the programs used with 
automated perimetry did not explore 
this area with a high density of test 
points. 

The results of our testing with the 
automated perimeter (Octopus) in the 
central 30 degrees on normal control 
subjects are in accord with those of 
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Wilensky and  Joondeph.^ These 
results highlight a major problem 
that presently exists with the inter- 
pretation of resalts of automated 
perimetry. Since normal subjects 
commonly have test points that fall 
outside the expected normal range 
given on the computer generated 
printout (more than a 4-dB loss at a 
given point), mor2 stringent criteria 
must be used. As in the present study, 
such criteria are arbitrary, thus limit- 
ing the clinical value of automated 
perimetry. 

Threshold automated perimetry is 
time consuming and requires an 
attentive, motivated, and alert pa- 
tient. For these reasons and because 
of the difficulties in defining visual 
loss, we do not reecmmend routine use 
of threshold automated perimetry for 
detection of visual loss in pseudotu- 
mor cerebri at this time. 

Therapy in idiopathic intracranial 
hypertension is dictated by the pres- 
ence and progression of visual loss.’ 
Since the incidence of visual loss is so 
highly dependent on the visual field 
strategy used, and because of the 
present limitations of automated 
perimetry, we recommend manual 
perimetry with the Armaly-Drance- 
type algorithm for determining visual 
loss in these patients. 
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Another day 
without migraine 


Once-daily prevention: A better way of life 


for migraine sufferers 

INDERAL LA (propranolol hydrochloride) offers your patients 

safe and effective migraine prophylaxis suitable for long-zerm control. 
With INDERAL LA patients have less need for abortive medications 
and less fear of the disabling effect of frequent or severe attacks. 


Once-daily convenience: A dosage regimen well 
suited to the needs of active patients 


INDERAL LA has a simple dosage schedule that's easy for 
patients to remember. Increased compliance can improve the 
chance of suecessful therapy. 


Start with 80 mg once daily 


For the best therapeutic results, start with 
INDERAL LA, 80 mg once daily, and titrate 
upward according to the individual patient 
response. The usual effective dosage range mm 
is 160 to 240 mg daily. -- 
For further details, please see brief 
summary of prescribing information on 
the next page. 
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The appearance of INDERAL LA capsules 
is a registered trademark of Ayerst Laboratories 
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. BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL* LA brand of propranolol hydrochloride (Long Act 

: IPTION. Inderal LA is formulated to provide a sustained release of propranolol 
hydrochioride. Inderal LA is available as 80 mg, 120 mg, and 160 mg capsules. 

CLINICAL PHARMACOLOGY. INDERAL is a nonselective beta-adrenergic receptor 

_ blocking agent possessing no other autonomic nervous system activity. It specifically com- 


. petes with beta-adrenergic receptor rung agents for available receptor sites. When 


access to beta-receptor sites is blocked by i 
vasodilator responses to beta-adrenergic stimulation are decreased proportionately. 
INDERAL LA Capsules (80, 120, and 160 mg) release propranolol HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
 andthe apparent plasma half-life is about 10 hours. When measured at steady state over a 24- 
. hour period the areas under the propranolol plasma concentration-time curve (AUCs) for the 
Se arty are approximately 60% to 65% of the AUCs for a comparable divided daily dose of 
_ INDERAL tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
leise go y from the slower rate of absorption of propranolol. Over a twenty-four (24) 
our period, blood levels are fairly constant for about twelve (12) hours then decline 
exponentially. 
INDERAL LA should not be considered a simple mg for mg substitute for conventional 


NDERAL, the chronotropic, inotropic, and 


v^ perenne and the blood levels achieved do not match (are lower than) those of two to four 
im 


Nes daily dosing with the same dose. When changing to INDERAL LA from conventional 
ropranolol, a possible need for retitration upwards should be considered especially to 
maintain effectiveness at the end of the dosing interval. In most clinical settings, however. 
such as babe ed or angina where there is little correlation between plasma levels and 
ect, INDERAL LA has been therapeutically equivalent to the same mg dose of 
conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
exercise responses of heart rate, systolic pressure and rate pressure product. INDERAL LA 
can (€ effective beta blockade for a 24-hour period. 
: e mechanism of the antihypertensive effect of INDERAL has not been established 


e Among the factors that may be involved in contributing to the antihypertensive action are (1) 


decreased cardiac output, (2) inhibition of renin release by the kidneys, and (3) diminution of 
. tonic sympathetic nerve outflow from vasomotor centers in the brain. Although tctal peripheral 
resistance may increase initially, it readjusts to or below the pretreatment level with chronic 


. . use. Effects on plasma volume appear to be minor and somewhat variable. INDERAL has 


shown to cause a small increase in serum potassium concentration when used in the 


E. treatment of hypertensive patients. 


In angina pectoris, propranolol generally reduces the oxygen requirement of the heart at 
any given level of effort by blocking the catecholamine-induced increases in the heart rate. 
Systolic blood pressure, and the velocity and extent of myocardial contraction. Propranolol 

. may increase oxygen requirements by increasing left ventricular fiber length, end diastolic 
pressure and systolic ejection period. The net physiologic effect of beta-adrenergic blockade 


.. is usually advantageous and is manifested during exercise by delayed onset of pain and 


increased work capacity. 

. In dosages greater than required for beta blockade, INDERAL also exerts a quinidine-like 
or anesthetic-like membrane action which affects the cardiac action potential. The signifi- 
cance of the membrane action in the treatment of arrhythmias is uncertain. 

The mechanism of the antimigraine effect of propranolol has not been established. Beta- 

adrenergic receptors have been demonstrated in the pial vessels of the brain 

Beta receptor blockade can be useful in conditions in which, because of pathologic or 
functional changes, sympathetic activity is detrimental to the patient. But there are also 
situations in which sympathetic stimulation is vital. For example, in patients with severely 
damaged hearts, adequate ventricular function is maintained by virtue of sympathetic drive 
which should be preserved. In the presence of AV block, greater than first degree. beta 
blockade may prevent the necessary facilitating effect of sympathetic activity on conduction. 
Beta blockade results in bronchial constriction by interfering with adrenergic bronchodilator 

activity which should be preserved in patients subject to bronchospasm 

` Koprena! is not ety dialyzable. 

INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 

 mentof hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 
hypertensive emergencies. 

| Pectoris Due to Atherosclerosis: INDERAL LA is indicated 
for the long-term eia nile of patients with angina pectoris. 

Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. 

The e of propranolol in the treatment of a migraine attack that has started has not been 
and propranolol is not indicated for such use. 

Stenosis: INDERAL LA is useful in the management of 

hypertrophic subaortic stenosis, especially for treatment of exertional or other stress-induced 


E angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 


effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation 
Clinical improvement may be temporary. 
CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock: 2) sinus 


reater than first degree block; 3) bronchial asthma; 4) congestive heart 


WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component sup- 
ee circulatory function in patients with congestive heart failure, and its inhibition by beta 
_ blockade may precipitate more severe failure. Although beta blockers should be avoided in 
. overt congestive heart failure, if necessary, they can be used with close follow-up in patients 


- . With a history of failure who are well compensated and are receiving digitalis and diuretics 
EN VR 


eis adrenergio blocking agents do not abolish the inotropic action of digitalis on heart 
muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
Can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
_ failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
Mere and, in some cases, myocardial infarction, following abrupt discontinuance of 
.| INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
.| should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
.| INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
agement of unstable angina pectoris. Since coronary artery disease may be 
unrecognized, it may be prudent to follow the above advice in patients considered at risk 
ue peu occult atherosclerotic heart disease who are given propranolol for other 
ications. 


Nonallergic Bronchospasm seg: chronic bronchitis, Mg tyr em 
. PATIENTS WITH BRONCHOSPASTIC DI ES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodila- 
tion produced by endogenous and exogenous catecholamine stimulation of beta receptors. 



















MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial. It should be noted, however, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a compe'itive inhibitor of beta- 
receptor agonists and its effects can be reversed by administration of such agents, e.g., 
dobutamine or isoproterenol. However, such patients may be ‘subject to protracted severe 
hypotension. Difficulty in starting and maintaining the heartbea: has also been reported with 
beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blcckade may prevent the ap- 
pearance of certain premonitory signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more 
difficult to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol does nct distor: thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was repleced by a severe bradycardia 
requiring a demand pacemaker. Ir one case this resulted after ar initial dose of 5 mg 
propranolol. 

PRECAUTIONS. General: Propranolol should be used with caution in patients with impaired 
hepatic or renal function. INDERAL is not indicated for the treatment of hypertensive 
emergencies. 

Beta adrenoreceptor blockade can cause reduction of ntraocular pressure. Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pme. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease., 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depletirg drugs such as reser- 
pine should be closely observed if INDERAL is administerec. The added catecholamine- 
blocking action may produce an excessive reduction of restinc sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, Syncope! attacks, or orthostatic 
hypotension. 

Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day, there was nc evidence of significant 
drug-induced toxicity. There were no drug-related tumorigenic effects at any of the dosage 
levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should 
be used rnb peor only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: INDERAL is excreted in human milk. Caution should be exercised when 
INDERAL is administered to a nursing woman 

Pediatric Use: Safety and effectiveness in children have rot beer established. 
ADVERSE REACTIONS. Most adverse effects have been mild and transient and have 
rarely required the withdrawal of therapy. 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block: hypo- 
tension; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
Raynaud type. 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia: visual 
disturbances; hallucinations, an acute reversible syndrome characterized by disorientation for 
time and place, short-term memory loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, aodominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

P Ma ide In extremely rare instances, systemic lu»us erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes. dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a seta blocker (practolol) 
have not been associated with propranolol. 

DOSAGE AND ADMINIS TION. INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
tablets to INDERAL LA capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg for mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION— Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive esponse to a given dosage is 
variable and may range from a few days to several weeks 

ANGINA PECTORIS— Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three to seven day intervals until optimum 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimum dosage appears to be 160 mg once daily. Imangina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks 
(see WARNINGS). 

MIGRAINE —Dosage must be individualized. The initial cal dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg osce dai y. The dosage may be 
increased gradually to achieve optimum migraine prophylaxis 1f a mag oen is not 
obtained within four to six weeks after reaching the maximum dose, INDERAL LA therapy 
should be discontinued. It may be advisable to withdraw the drug gradually over a period of 
several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE —At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 

*The appearance of INDERAL LA capsules is a registered tademark of Ayerst Laboratories. 
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“Modern Dissection Techniques Of Bone, Biometals and Bioplastics" 
(NEURO 700)* 


A Neurosurgical Symposium 
co-sponsored by 


HENRY FORD HOSPITAL 
Department of Neurological Surgery 
and 


MIDAS REX INSTITUTE 


Course Directors: J.l. Ausman, M.D., Ph.D.; M. Dujovny, M.D.; G. Malik, M.D.; Stewart Willason, Ph.D.; Susan Mitchell, Ed.D. 
SYMPOSIUM FORMAT 


WORKSHOPS: 

The Micas Rex Hands-On Workshop will be held each day from 
7:30 am. to 1:30 p.m. The workshop will emphasize a series of 
hands-er exercises, utilizing appropriate animal bones, skeletal 
bones. 5icplasties and biometals for dissection in the cranium 
and spine Methyimethacrylate and biometal as they are related to 
neurosurgery will also be considered. Video tapes of clinical pro- 
cedures wiil be available. 


CRELITS: 
C.M.E. credit available. 





ACCOMMODATIONS: 
Hotel St. Regis, 3071 West Grand Boulevard, Detroit, Michigan 
48202. Phone: (313) 837-3000 


ENROLLMENT: 

Send letter and check payable to "Detroit Neurosurgical Sym- 
posium? Surgeon—US $965.00; Resident—US $585.00 (with letter 
from Department Head); OR/Tech/Ass't.—US $250.00. Write to: 


Midas Rex Institute, 3001 Race Street, Fort Worth, TX 76111. 
Phone: (800) 433-7639, In Texas: (817) 831-2604 
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“There will be a simultaneous Orthopaedic Symposium (Ortho 700) at the same time in a separate room. Hospitality and some 


lectures will be combined. 


PEDIATRIC 
NEUROLOGIST 





Immediate opening in Neurology 
dept. of large multispecialty group 
practice for a highly qualified and 
personable individual. Would be 
joining 1 pediatric neurologist, 6 
adult neuroiegists and 3 neurosur- 
geons. We have a 19 member 
pediatric dept. with most subspe- 
cialties and a Children's Hospital 
affiliation. For details send C.V. 
to: 


Charles Anderson, M.D. 
Box 2067 
Fargc, North Dakota 58123 
or call (701) 235-5354. 


CLINICIAN-EDUCATOR 


Tenure-track position available in 
the Department of Neurology at 
the University of Kentucky for a 
senior BC/BE  neurologist, with 
demonstrated skills in the provision 
of neurological services and the 
teaching of house officers and 
students, to join a faculty highly 
productive in many areas of 
research. Opportunities for collabo- 
rative research are available. 


Send CV and three letters of refer- 
ence to: 

Michael P. McQuillen, M.D., 
Chairman Designate, 
Department of Neurology 
University of Kentucky 
Lexington, KY 40536 


An equal opportunity /affirmative 
action employer. 


NEUROLOGIST 


To join multispecialty group in 
beautiful Northeastern Kentucky. 
Smaller university community with 
pleasant outdoor activities and 
sports located 60 miles east of 
Lexington. Service area, 100,000. 


Contact: 
Richard W. Carpenter, MD 
Morehead Clinic 
234 Medical Circle 
Morehead, KY 40351 
606-784-6641 
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Learning Deficit in Parkinson's Disease 


Comparison With Alzheimer's Disease and Normal Aging 


Munir El-Awar, MD; James T. Becker, PhD; Katherine M. Hammond; 
Robert D. Nebes, PhD; Francois Boller, MD, PhD 


e The learning ability of 12 patients 
with Parkinson's disease (PD) was studied 
using a verbal paired-associate learning 
task, and was compared with that of ten 
patients with Alzheimer's Disease (AD) 
and 12 controls (NC). Overall, the PD 
patients performed significantly better 
than the AD patients but significantly 
worse than the NC subjects. Their perfor- 
mance was not related to their overall 
level of cognitive functioning as mea- 
sured by the Mattis’ Dementia Rating 
Scale, but was unequally distributed sug- 
gesting that the PD population actually 
consisted of more than one subgroup. A 
low error group performed like controls, 
while a high error group had a learning 
impairment comparable to that of AD 
patients. It is concluded that PD patients 
may have three patterns of neuropsycho- 
logic performance: some are unimpaired, 
some have ''focal'" abnormalities, and 
some have a generalized impairment of 
cognitive function. 

(Arch Neurol 1987;44:180-184) 


Since the first descriptions of the 

neurologic impairments in Par- 
kinson's disease (PD),? there has 
been continuing debate over whether 
mental status abnormalities occur as 
part of the disease process. Although 
there is still disagreement about the 
proportion of PD patients who even- 
tually develop dementia, most re- 
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searchers agree that intellectual dete- 
rioration is found in a significantly 
higher percentage of PD patients than 
of age-matched controls." Not only 
can PD patients manifest global dete- 
rioration of cognitive functions, but 
relatively specific abnormalities such 
as visuospatial deficits have also been 
noted.*' Psychiatrie disorders, espe- 
cially depression, have also been 
reported." 

Alvord” was perhaps the first to 
suggest that demented PD patients 
may also have Alzheimer’s disease 
(AD), and clinicopathologic studies 
have found AD-like features to be 
more prevalent among PD patients at 
autopsy than in the general popula- 
tion.*^ The finding that both clinical 
(ie, rigidity, bradykinesia, and trem- 
or) and pathologic (particularly Lewy 
bodies) features of PD are more prev- 
alent among AD patients than among 
age-matched controls further sup- 
ports the close association of these 
two syndromes.!*' 

Because of the close clinicopatho- 
logic relationship between PD and 
AD, and because the nature of the 
mental status changes in PD remains 
somewhat controversial, a detailed 
comparison of the abnormalities in 
mental status of the two groups is of 
interest. Memory loss is of particular 
interest, since this is an essential 
component of the dementia syndrome 
according to most current classifica- 
tion and definition systems (eg, 
Diagnostic and Statistical Manual of 
Mental Disorders, ed 3 [DSM-III]"). 
Accordingly, we examined the ability 
of patients with PD and patients with 
AD to learn and remember verbal 
paired associates. This particular pro- 
cedure was selected because it allows 


for an evaluation of learning ability 
and retention over long periods of 
time (ie, 60 minutes), and because it 
permits a qualitative analysis of 
error production. The purpose of this 
study was to ascertain whether the 
learning performance of PD patients 
differed from that of controls 
and AD patients. We also wanted to 
know the extent of variability of 
PD performance and, in particular, 
whether specific subgroups could 
be identified within the group of PD 
patients. 


PATIENTS AND METHODS 


Thirty-four subjects gave their informed 
consent to participate in the study: 12 were 
elderly individuals without evidence of 
central nervous system disease (NC), 12 
had PD, and ten were diagnosed as having 
AD. None of the participants had histories 
of stroke, uncontrolled hypertension, alco- 
ho! abuse, alcoholism, or major metabolic 
disease. Each subject was given a battery 
of neuropsychologic tests, including the 
Dementia Rating Scale (DRS), a test of 
verbal fluency,” the 60-item Boston Nam- 
ing Test (BNT),” and the Wechsler Memo- 
ry Scale. The DRS is a short (30 to 40 
minutes) assessment scale that tests atten- 
tion, motor skills, visual construction, 
memory, and language. The maximum 
score is 144 and the cutoff for normal 
performance is 136/144. Subjects scoring 
between 120 to 135 are considered mildly 
impaired; between 90 to 119 moderately 
impaired; and below 90, severely impaired. 
Normal performance en the verbal fluency 
test is a corrected score of at least 31 (25th 
percentile)" and normal performance on 
the BNT is the range of 49 to 59 for 
individuals aged between 50 and 59 years 
(mean, 55.6, SD = 2.6). 

The 12 NC subjects were either volun- 
teers serving as controls in an ongoing 
longitudinal study of Alzheimer’s disease, 
or were volunteers from the community. 
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Elderly 
Controls 


Alzheimer's 


Cenfrontation naming 56.7 44.6* 55.4 


Wechsle- Memory @uotient 132.3 72.9* 105.5* 





Mean No. of Correct Responses 


eT" ^ 
"o7" "nano?" 


B m...” 


Learning Trial 


Fig 1—Mean number of correct responses on each acquisition trial of the Verbal Paired- 
Assocate Learning Task for each subject group. NC indicates normal controls (N = 12); PD, 
Parkinson's disease patients (N = 12); AD, Alzheimer's disease patients (N = 10); PDLE, 
PD-low errers subgreup; PDHE, subgroup PD-high errors (see text for details). 


Table 2.—Performance on the Paired-Associate Learning Task 







Elderly Alzheimer's Parkinson's 
Controls Disease Disease 
Total eras 18.3 92.6* 50.6* 
iNo correct zt last tral 9.6 .07* 7.25* 
Recall memory 
Respomse words 5.9 0.00* 3.58" 
associations 9.1 as” 5.92* 
Sasings score .96 .29 .82 






Resognitionsmemoryt 
Response words 







* Sienificartly differer> from controls. 
td’ values 





All these individuals scored at least 136 on 
the DRS. Their verhal fluency scores cor- 
rected for age, education, and sex were 
normal, ané theirperformance on the BNT 
was withir norma limits. Their mean 
Wechsler Memory Quotient was 132.3. 
Thesedata are summarized in Table 1. 
The patients in tae AD group were all 
partiepants im a ongitudinal study of 
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dementia and had undergone an extensive 
evaluation including medical, neurologic, 
psychiatrie, and neuropsychologic exami- 
nations. These patients had undergone a 
computed tomographic scan of the head 
without contrast, electroencephalogram, 
electrocardiogram, chest roentgenogram, 
and a complete battery of blood studies, 
including thyroid function tests. Based on 


the results of these eva uations, all the 
patients in the AD group met the criteria 
for "probable AD" based on the NINCDS/ 
ADRDA criteria? As shown in Table 1, 
the AD patients performed significantly 
worse than the NC subjects on the DRS 
(where all AD patients performed below 
the cutoff of 136 of 144), the test of verbal 
fluency, the BNT, and the Wechsler Memo- 
ry Scale. It must be stressed that all the 
AD patients were judged -o be only mildly 
to moderately demented based on their 
DRS scores (mean, 112.6) and the fact that 
they all could provide infermed consent. 

The 12 PD patients wer? recruited from 
the Parkinson's disease clinic of the 
Department of Neurologr and had been 
diagnosed at least two years previously 
(median, five years). All cf these patients 
had undergone evaluations (examinations 
and laboratory studies) -hat were com- 
parable to those given to the AD patients. 
At the time of testing, most patients (eight 
of 12) were being treated with dopaminer- 
gic drugs, and two of these also received 
anticholinergic medicatiors. Two patients 
were treated with anticnolinergics and 
amantidine hydrochloride. and two of the 
PD patients were not taking medications 
at the time of testing. The median severity 
rating of these patients' parkinsonian fea- 
tures was two.” The PD patients’ mean 
DRS score of 133.7 was significantly lower 
than that of the controls znd significantly 
higher than that of the AL patients. Six of 
the subjects scored withim normal limits 
(2135) and six scored below the cutoff. 
Verbal fluency was also significantly 
worse than that of controls and signifi- 
cantly better than that of the AD patients, 
but performance on the ENT was within 
normal limits. The mean memory quotient 
was also significantly worse than that of 
the controls but significartly better than 
that of the AD patients. 

Twenty common words (A or AA fre- 
quency from the Thorndixe-Lorge” word 
count) were arbitrarily paired to make ten 
verbal paired associates (eg, dish-flag, 
steam-pen, honey-thread). The ten pairs of 
words were read to the sub ects at a rate of 
one pair every two seconds. After the list 
had been read, the first werd of each pair 
(eg, dish) was presented and the subject 
asked to respond with the word that was 
associated with it (ie, flag). If the response 
was correct, the subject was told so and the 
next stimulus word was presented. If the 
response was incorrect or the subject 
failed to respond, they were told the cor- 
rect response word and a lowed two sec- 
onds before the next stimulus word was 
presented. After the ten stimulus words 
were presented, the subject was given the 
next learning trial, but the order of presen- 
tation of the stimulus words was changed. 
The entire list of paired associates (ie, 
stimulus and response werds) was read 
only once at the beginning of zhe learning 
procedure. Each subject was tested until 
they had either reached the criterion of 
one errorless trial or completed ten learn- 
ing trials. 

One hour later, the subj2cts were given 
two pairs of tests of retention. During the 
intervening hour they were engaged in 
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‘adie 1.—Demographic and Psychometric Characteristics of the Sample 
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Fig 2.— Total number of errors made during acquisition of Verbal Paired Associate Learning 
Task plotted as function of Dementia Rating Scale score for 12 patients with Parkinson's 
disease. Solid circles indicate Parkinson's disease-low error subgroup; clear circles, Parkin- 


son's disease-high error subgroup. 


Table 3.—Psychometric Characteristics and Verbal Paired-Associate Learning 
Performance of Two Subgroups of Patients With Parkinson's Disease (PD) 


EU C PD-Low Errors PD-High Errors 

5. Age, y 66.7 68.5 
Education, y 16.3 12.7 

Sex, M/F 3/3 6/0 


. Dementia Rating Scale 
| Verbal fluency 


.. Confrontation naming 


Wechsler Memory Quotient 


Verbal paired-associate learning 
total errors 


No. correct at criterion 


Recall memory 
Response words 


Associates 
Saving score 


Recognition memory 
Response words 


Association 





* Significant difference between groups (P « .05). 


| other neuropsychologic tests that did not 


involve either verbal learning or verbal 


- memory. One pair of retention tests 
-focused on the memory for the associates, 
= je, the response words. The other pair of 
A tests focused on the memory for the associ- 
. ations, ie, the specific pairings between 
. stimulus and response words. Each pair of 
. tests consisted of a test of recognition 


memory and a test of recall memory; the 
tests of recall memory were always given 


= first. The first test of recall memory con- 
= sisted of asking the subjects to recall as 
» many of the response words as they could. 
.. For the second test of recall memory, the 


subjects were read the list of stimulus 
words and asked to respond with the cor- 


= rect response word (“recall of associa- 


n. 
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134.4 133.0 
42.0 30.5 
58.0 52.8 

117.8 90.6 


26.2 75.0" 
10.0 4.5" 


5.50 1.67* 
8.17 3.67* 
.82 .83 


tions"). To e:timate the retention of the 
associations ever the delay interval, sav- 
ings scores were caleulated by dividing the 
number of correct responses made during 
the last trial of acquisition by the number 
of correct recalls of associations. These 
savings scores represent the proportion of 
learned associations that the subjects were 
able to remember during the one hour 
retention interval. 

The first test of recognition memory, 
recognition of response words, consisted of 
showing each subject a series of 40 index 
cards, each ef which had a single word 
written on it. The subject’s task was to 
respond "yes" if the word had been a 
response word (ten cards) and "no" if it 
had not (30 ecards). For the second test 
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recognition of associations, each subject - 


was read one of the ten stimulus words and 
then shown an index card with another 
word written on it. The subject was asked 
to decide whether the word written on the 
card was the correct response to that stim- 
ulus word (ten cards), or not (30 cards). For 
data analysis purposes for both tasks, the 
number of correct identifications and the 
number of incorrect identifications were 
converted to a d' score which reflects 
memory strength uncontaminated by 
response bias.” 

Eleven of the 12 normal control subjects 
were able to learn all of the verbal paired 
associates, and the greup as a whole made 
only 18.3 errors during accuisition (Table 
2). Figure 1 shows the mean number of 
correct responses made by the subjects in 
each group (ie, NC, AD, and PD) during 
each acquisition trial. The performance of 
two subgroups of PD patients is also 
shown, and will be described later. The 
normal controls made a mean of 9.6 correct 
responses during their last acquisition 
trial. They were also able to recall 5.9 out 
of the ten response words after the one- 
hour delay. Similarly, they were able to 
recall 9.1 of the ten associations following 
the one-hour delay interval, and had a 
mean saving score of .96. 

The performance cf the patients with 
AD was significantly impaired compared 
with that of controls during acquisition of 
the verbal paired-associates. None of these 
individuals reached the learning criterion 
within the ten trials, and they made a 
mean of 92.6 errors during acquisition, 
significantly more than the controls 
(t(20) = 15.36, P «.001) By the tenth 
learning trial, they were responding cor- 
rectly to only 0.7 of the stimulus words, so 
essentially no learning took place. Follow- 
ing the one-hour delay interval, the AD 
subjects were able te recall none of the 
response words spontaneously, and only 0.3 
of the response words wher they were used 
with the stimulus words. Because of the 
few number of correct responses both dur- 
ing the one-hour delay irterval, the AD 
subjects were able to recall none of the 
response words spontaneously, and only 0.3 
AD patients were also impaired at recogni- 
tion after the delay interval. D' measures 
were significantly lower than those of the 
controls for recognition of the response 
words (t(20) = 9.15, P < .001) and the asso- 
ciations (t(20) = 13.6, P < .001). 

Overall, the performance of the PD 
patients was impaired relative to that of 
the controls in the acquisition of the verbal 
paired associates. They made a mean of 
50.6 errors, significantly more than the 
controls (t(22) = 3.79, P = .001), and had 
learned fewer associations by the tenth 
trial (P(22) 2231, P-.031) The PD 
patients recalled fewer response words 
(t(22) = 2.47, P = .002) and specific associ- 
ations (t(22) = 3.05, P —.906), but their 
savings scores did not differ from normal 
(t(22) = 1.14). 

Figure 2 shows each PD patient's error 
score on the paired-associate task plotted 
as a function of their DRS score. The 
distribution of the errors scores is clearly 
bimodal, and two subgroups of patients 
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As a whole, the performance of the 
PD patients on the VPAL task fell 
between that of the NC and AD sub- 
jects. They were impaired in the ini- 
tial acquisition of the paired asso- 
ciates, but their retention of the 
associations over time was normal. 
Further analysis indicated that the 
PD patients actually consisted of two 
subgroups; one, the PDLE subgroup, 
did not differ from normal subjects in 
its learning abilities; the other, the 
PDHE subgroup, showed a learning 
pattern that in many respects did not 
differ from that of AD patients. Even 
though the six patients in the PDHE 
subgroup tended to be older and less 
educated than the PDLE subgroup, 
these differences did not reach statis- 
tical significance, and it is therefore 
unlikely that age or education 
accounted for the results. The differ- 
ence in performance between the two 
subgroups was also not due to medica- 
tions, since there were no differences 
in the patterns of use of either anti- 
cholinergic or dopaminergic drugs 
between the two subgroups. Finally, 
the difference was not due to the 
presence or absence of a global deteri- 
oration of cognitive function: the two 
subgroups had virtually identical 
scores on the DRS and there was no 
significant relationship between the 
DRS score and VPAL performance 
within the PD group. 

These results confirm that some PD 
patients may have relatively focal 
impairments in memory functions 
and extend the findings of Tweedy et 
al5 characterizing the memory loss in 
PD. Neither subgroup of PD patients 
showed visual-spatial impairments 
comparable to the PDHE memory 
loss, and both groups performed well 
on the test of visual confrontation 
naming. The PDHE group was as 
impaired in learning as the AD group, 
but the pattern of performance during 
retention testing suggests that they 
were not quite as affected. The perfor- 
mance by the PDHE patients on the 
recognition tests suggests that some 
information about the response words 
and the associations were stored in 
memory, although not as well as 
either controls or the PDLE patients. 
In contrast, the AD patients were 
more impaired at the recognition of 
the response words than normal sub- 
jects, and were essentially unable to 
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patients' fuir dioe edd 
been to divide PD patients into ' 
mented" and "nondemented" gro 
based on their total DRS score- 
Freedman et al^) However, | 
present results suggest that - 
would have masked some impor! 
characteristies of our PD. patie 
performance. The DRS. score in o 
PD group was highly ecrrelated v 
the score on the Initiaticn and Perse 
eration section subscore (r= 
P «.001) ang with perf ormance on 
the word generation task sup 
market task) {r= .85, P« 001). Th 
in mildly to moderately impaired PD. 
patients, the quantitative rating A 
dementia rests heavily on verbal flu- 
ency, with little weight given to the- 
less obvious memory impairment (F 
2). This had the effect of hiding the 
PDHE patients among others who did ` 
not perform so poorly. The memory | 
tests on the DRS involve simply the 
delayed recall of two skort sentences | 
and the immediate recognition of five 
words and four figures. Relatively 1 
tle attention is paid to new learni: 
and the tests are simple enough to. 
performed well by mildly. demented 
patients. It was only when more diffi- 
cult memory tests were used that the . 
impairments became fu ly apparent. .. 
When PD was first described, Par- 
kinson' stated categorically that 
cognitive abilities of taese patie: 
were “uninjured.” However, Cha 
and Vulpian? argued that the “psy 
facilities are definitely impair 
Later, Charcot? wrote that “at a giv 
point, the mind becomes clouded 
memory is lost.” More recently, sev 
al studies have investigated the mi 
tal status of patients with PD (se 
Boller,” for a review), and in so 
cases, the PD patients have appeal d 
to have no deficit,“ while in others 
there are clearcut “focal” deficits such 
as visuospatial disorders.*'? Other | 
patients appear to have a: demen 
which has been characterized 
“subcortical” dementia differen 
its clinical manifestations and pa 
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previous studies, it. appears kely = 
that this subgroup consists of those 
who show AD-like cortical changes at _ 
autopsy. The pathophysiologic basis — 
of the difference between the other — 
two subgroups, those with no deficit — 


and those with a “focal” deficit, 
remains unclear. It must be empha- 
sized that by “focal,” we mean a rela- 
tively restricted pattern of neurobe- 
havioral abnormality, and take no 
stand regarding the presence of a 
restricted neurologic lesion. 

It seems, therefore, that both Par- 
kinson and Chareot were correct. 
Some PD patients have uninjured cog- 
nitive functions, while some have a 
significant and pervasive impairment 
in all areas ef cognition." Still, other 
patients have restricted cognitive 
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DILANTIN® (extended phenytoin sodi um capsules, USP) KAPSEALS* 
DILANTAI (onanii, eodium Injection, USP) Parenteral 


Before prescribing, please see full prescribing information. A Brief Summary follows. 


IMPORTANT NOTE ~~ 
This drug must be administered slowly. Do not exceed 50 mg per 


minute intravenously. 
In neonates, the drug should be administered at a rate 


not exceeding 1-3 mg/kg/min. 


INDICATIONS: Parenteral: Parenteral Dilantin is indicated for the control of status epilepti- 
cus of the grand mal type, and prevention and treatment of seizures occurring during 
neurosurgery. 

Oral: Dilantin is indicated for the control of generalized tonic-clonic (grand mal) anc com- 
plex partial (psychomotor, temporal lobe) seizures and prevention and treatment of sei- 
zures occurring during or following neurosurger y. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments 
(see Dosage and Administration and Clinical Pharmacology in tull prescribing information) 


CONTRAINDICATIONS: Parenteral: Because of its effect on ventricular automaticity. 
phenytoin is contraindicated in sinus bradycardia, sino-atrial block, second- and third- 
degree A-V block, and patients with Adams-Stokes syndrome. 

Parenteral and Oral: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 


WARNINGS: Parenteral: Intravenous administration should not exceed 50 mg per 
minute in adults. In neonates, the drug should be administered at a rate not exceeding 
1-3 mg/kg/min. 

Severe cardiotoxic reactions and fatalities have been reported with atrial and ventricular 
conduction depression and ventricular fibrillation. Severe complications are most com- 
monly encountered in elderly or gravely ill patients 

Phenytoin should be used with caution in patients with hypotension and severe myocar- 
dial insufficiency. 

Hypotension usually occurs when the drug is administered rapidly by the intravenous 
route. 

The intramuscular route is not recommended for the treatment of status epilepticus since 
blood levels of phenytoin in the therapeutic range cannot be readily achieved with doses 
and methods of administration ordinarily employed. 

Oral: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepti- 
cus. When, in the judgment of the clinician, the need for dosage reduction, discontinuation, 
or substitution-of alternative antiepileptic medication arises, this should be done gradually 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alterna- 
tive therapy may be necessary. In this case, alternative therapy should be an antiapileptic 
drug not belonging to the hydantoin chemical class. 

Parenteral and Oral: There have been a number of reports suggesting a relatienship 
between phenytoin and the development of lymphadenopathy (local or generalized) 
including benign lymph node hyperplasia, pseudolymphoma, ymphoma, and Hodgkins 
Disease. Although a cause and effect relationship has not been established, the occur- 
rence of lymphadenopathy indicates the need to differentiate such a condition from other 
types of lymph node pathology. Lymph node involvement may occur with or without symp- 
toms and signs resembling serum sickness eg, fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indi- 
cated and every effort should be made to achieve seizure control using alternative antiepi- 
leptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use 
may decrease serum levels. 


in Pregnancy: Parenteral and Oral; A number of reports suggests an association 
between the use of antiepileptic drugs by women with epilepsy and a higher incidence of 
birth defects in children born to these women. Data are more extensive with respect to 
phenytoin and phenobarbital, but these are also the most commonly prescribed antiepilep- 





- tic drugs; less systematic or anecdotal reports suggest a possible similar associatien with 


the use of all known antiepileptic drugs 

The reports suggesting a higher incidence of birth defects in children of drug-treated epi- 
leptic women cannot be regarded as adequate to prove a definite cause and effect relation- 
ship. There are intrinsic methodologic problems in obtaining adequate data om drug 
teratogenicity in humans; genetic factors or the epileptic condition itself may be more 
important than drug therapy in leading to birth defects. The great majority of mothers on 
antiepileptic medication deliver normal infants. It is important to note that antiepileptic 
drugs should not be discontinued in patients in whom the drug is administered to prevent 
major seizures, because of the strong possibility of precipitating status epilepticus with 
attendant hypoxia and threat to life. In individual cases where the severity and frequency of 
the seizure disorder are such that the removal of medication does not pose a serious threat 
to the patient, discontinuation of the drug may be considered prior to and during pregnancy, 
although it cannot be said with any confidence that even minor seizures do not pose some 
hazard to the developing embryo or fetus. The prescribing physician will wish to weigh 
these considerations in treating or counseling epileptic women of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations in children of women receiving phenytoin and other anti- 
epileptic drugs, there have more recently been reports of a fetal hydantoin syndrome. This 
consists of prenatal growth deficiency, microcephaly and menta! deficiency in children born 
to mothers who have received phenytoin, barbiturates, alcohol, or trimethadione. However, 
these features are all interrelated and are frequently associated with intrauterine growth 
retardation from other causes. 

` There have been isolated reports of malignancies, including neuroblastoma, in children 
whose mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of 
patients, because of altered phenytoin absorption or metabolism. Periodic measurement of 
serum phenytoin levels is particularly valuable in the management of a pregnant epileptic 
patient as a guide to an appropriate adjustment of dosage. However, postpartum restora- 
tion of the original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born 
to epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been-shown 
to prevent or correct this defect and has been recommendec to be given to the mother 
before delivery and the neonate after birth. 


PRECAUTIONS: General: Parenteral: The addition of Dilantin solution to intravenous infu- 
sion is not recommended due to lack of solubility and resultant precipitation 

Each injection of intravenous Dilantin should be followed by an injection of sterile saline 
through the same needle or intravenous catheter to avoid local venous irritation due to the 
alkalinity of the solution. Continuous infusion should be avoided. 

Soft tissue irritation and inflammation has occurred at the site of injection with and without 
extravasation of intravenous phenytoin. Soft tissue irritation varying from slight tenderness 
to extensive necrosis and sloughing has been noted. Subcutaneous or perivascular injec- 
tion should be avoided. 

Oral: Osteomalacia has been associated with phenytoin therapy and is considered to be 
due to phenytoin's interference with Vitamin D metabolism. 

Parenteral and Oral: The liver is the site of biotransformation. Patients with impaired liver 
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function, elderly patients, or those who are gravely ill may shaw early toxicity. 

A small percentage of individuals who have been treated with ohenytoin have been 
shown to metabolize the drug slowly. Slow metabolism may be due tc limited enzyme avail- 
ability and lack of induction; it appears to be genetically determined 


Phenytoin should be discontinued if a skin rash appears (see "Warnings" section regard- _ 


ing drug discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythema- 
tosus or Stevens-Johnson syndrome is suspected, use of this.drug should not be resumed 
and alternative therapy should be considered. (See Adverse Reactions.) If the rash is of a 
milder type (measles-like or scarlatiniform), therapy may be resurred after the rash has 
completely disappeared. If the rash recurs upon reinstitutiomof therapy, further phenytoin 
medication is contraindicated. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level ir diabetic patients. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. I*tonic-clonic (grand-mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional 

states referred to as “delirium,” “psychosis,” or “encephalopathy,” or rarely irreversible cere- 
bellar dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recom- 
mended. Dose reduction of phenytoin therapy is indicated if plasma evels are excessive; if 
symptoms persist, termination is recommended. (See Warnirgs) 
Information for Patients: Oral: Patients taking phenytoin should be advised of the impor- 
tance of adhering strictly to the prescribed dosage regimen, and of informing the physician 
of any clinical condition in which it is not possible to take the drug orally as prescribed, eg, 
surgery, etc. 

Patients should also be cautioned on the use of other drugs or aicoholic beverages with- 
out first seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good denta! hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Laboratory Tests: Phenytoin serum level determinations maybe necessary to achieve opti- 
mal dosage adjustments 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels 
or which phenytoin may affect. The most commonly occurring drug interactions are listed 
below: 1. Drugs which may increase phenytoin serum levels include: chloramphenicol, 
dicumarol, disulfiram, tolbutamide. isoniazid, phenylbutazone, acute alcohol intake, salicy- 
lates, chlordiazepoxide, phenothiazines, diazepam, estrogens, ethosuximide, halothane, 
methylphenidate, sulfonamides, cimetidine, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol 
abuse, reserpine. Moban® brand of Molindone Hydrochloride conta ns calcium ions which 
interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid prepa- 
rations containing calcium should De staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoir serum levels include: pheno- 
barbital, valproic acid, and sodium valproate. Similarly, the effec: cf phenytoin on pheno- 
barbital, valproic acid and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures 
in susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anti- 
coagulants, oral contraceptives, quinidine, vitamin D, dicitoxin, rifampin, doxycycline, 
estrogens, furosemide. 

Serum level determinations are especially helpful when possible drug interactions are 
suspected. 

Drug/Laboratory Test Interactions: Phenytoin may cause decreased serum levels of pro- 
tein-bound iodine (PBI). It may also produce lower than normal values for dexamethasone 
or metyrapone tests. Phenytoin may cause increased serum levels of glucose, alkaline 
phosphatase, and gamma glutamyl transpeptidase (GGT). 

Carcinogenesis: See ‘Warnings’ section for information on carcinogenesis. 

Pregnancy: See Warnings 

Nursing Mothers: Infant breast feeding is not recommended for women taking this drug 
because phenytoin appears to be secreted in low concentrations in human milk. 
ADVERSE REACTIONS: Parenteral: The most notable signs-of toxicity associated with the 
intravenous use of this drug are cardiovascular collapse and/or central nervous system 
depression. Hypotension does occur when the drug is administered rapidly by the intrave- 
nous route. The rate of administration is very important: it should not 3xceed 50 mg per min- 
ute in adults, and 1-3 mg/kg/min in neonates. At this rate, toxicity should be minimized. 
Injection Site: Local irritation, inflammation, tenderness, necrosis, and sloughing have 
been reported with or without extravasation of intravenous phenytoin. 

Parenteral and Oral: Cardiovascular: Severe cardiotoxic reactions and fatalities have 
been reported with atrial and ventricular conduction depression and ventricular fibrillation. 
Severe complications are most commonly encountered in elderly or gravely ill patients. 
Central Nervous System: The most common manifestations encountered with phenytoin 
therapy are referable to this system and are usually dose-related. These include nys- 
tagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, transient nervousness, rnotor twitchings, and headaches have also been 
observed. There have also been rare reports of phenytoin induced dyskinesias, including 
chorea, dystonia, tremor and asterixis, similar to those induced by phencthiazine and other 
neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients 
receiving long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, and constipation. 
Integumentary System: De?matoiogica! manifestations sometimes accompanied by fever 
have included scarlatiniform or morbilliform rashes. A morbil!iform rash (measles-like) is the 
most common; other types of dermatitis are seen more rarely. Other more serious forms 
which may be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythe- 
matosus, and Stevens-Johnson syndrome (see Precautions). 
Hemopoietic System: Hemopoietic complications, some tatal, have occasionally been 
reported in association with administration of phenytoin. These have included thrombocy- 
topenia, leukopenia, granulocytopenia, agranulocytosis, and pancytopenia with or without 
bone marrow suppression. While macrocytosis and megaloolastic anemia have occurred, 
these conditions usually respond to folic acid therapy. Lympnadenopathy including benign 
lymph node hyperplasia, pseudolymphoma, lymphoma, anc Hodgkin's Disease have been 
reported (see Warnings). 
Connective Tissue : Coarsening of the facial features, enlargement of the lips, 
gingival hyperplasia, hypertrichosis, and Peyronie's Disease. 
Other: Systemic lupus erythematosus, periarteritis nodosa. toxic hepatitis, liver damage, 
and immunoglobulin abnormalities may occur. 
Caution—Federa! law prohibits dispensing without prescription. l 
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Tempera! Lobe Involvement in Multiple Sclerosis 
Patients With Psychiatric Disorders 


William G Hener, MD; Trevor Hurwitz, MD; David K. B. Li, MD; Matthew Palmer, MSe; Donald W. Paty, MD 


€ Patients with multiple sclerosis (MS) 
"requently develop psychiatric distur- 
bances. The clinical sistories and magnet- 
ic resonance imaging results from eight 
patients with- MS aad psychiatric disor- 
ders were ccmpared with those from 
eight control MS patients matched for 
age, sex, curation and severity of illness, 
and clinica! course. Both groups had 
widespread ‘esions en the magnetic reso- 
mance imaging scans; however, the psy- 
chiatric group »ad more clinically defined 
sites of MS involvement, possibly indicat- 
ing a difference in the biologic activity of 
the lesions in this group. The total lesion 
erea was ne’ different between the 
croups. However, the distribution of 
lesions did di**er; the psychiatric group 
kad significamtly more temporal lobe 
involvement than ‘he control group. 
These resu:ts mdicat® a role for the cere- 
kral lesions themselves, particularly 
taose in the tempore Icbes, in the gene- 
sis of psycniaiwic disorders in MS. 

(Arch Neurc* 1987 44: 187-190) 


P sychiatric disorders are a common 

seurce əf distress in patients suf- 
fəring from multiple sclerosis (MS). 
Since MS is assocated with both a 
diverse topography of lesions and a 
wide variety of psychiatric disorders, 
a unique oppertuni-y is thus provided 
te investizase the relationship be- 
tween lesions of the central nervous 
system and psychiatric illness. The 
range of reported psychiatric disor- 
ders include: depmession,^ mania," 
rapidly cyeling bipolar disorder; 
paranoid psyehosis, as well as various 
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schizophrenialike psychoses.'*" In one 
of the first controlled studies, Sur- 
ridge favored a “reactive” descrip- 
tion for the depressive disorders, as 
have some subsequent authors. ^" 
However, noting the increased fre- 
quency of psychiatric disorders in 
patients with cerebral MS, others 
have related the depressive disorders 
more directly to the effects of MS on 
the brain.” Clinicopathologic studies 
have been limited to small numbers of 
cases, often with dementia complicat- 
ing the clinical presentation. These 
studies have separately related psy- 
chiatric disorders to lesions located in 
the frontal, temporal, parietal, and 
occipital lobes*!*” and in the hippo- 
campus,? as well as to lesions in the 
hypothalamus, cerebral peduncles, 
and pons.! 

A major advance in the study of MS 
was the advent of magnetic resonance 
imaging (MRI)," which permits the in 
vivo evaluation of lesions. The appli- 
cation of computer-generated map- 
ping procedures to the MRI data 
allows quantification of the extent of 
the lesions. Using these techniques in 
a controlled study, we sought to inves- 
tigate whether or not a relationship 
exists between the psychiatric distur- 
bances occurring in MS and the distri- 
bution of lesions. Our hypothesis was 
that in a group of MS patients with 


serious psychiatric disorders, there 
would be differences in the clinical 
manifestations of the MS, in the 
extent of the lesions, or in their distri- 
bution when compared with a 
matched control group. 


PATIENTS AND METHODS 


Patient records were selected from the 
files of the MS clinic at the University of 
British Columbia, Vancouver. Cases identi- 
fied were those with both MS and a psychi- 
atric disorder that had necessitated either 
hospitalization or consultation with a psy- 
chiatrist. Excluded were patients where 
there was evidence of coincident dementia, 
and patients in whom an MRI scan could 
not be obtained. A control patient without 
any psychiatric disorder was selected for 
each case. Controls and cases were 
matched for age, sex, and duration and 
severity of MS, as well as course of illness, 
defined as relapsing and remitting, or pro- 
gressive. 

Clinical data were recorded from the 
clinic visit or inpatient record nearest to 
the data of the MRI scan. In 12 patients, 
the neurologic assessment was made with- 
in six days of the scan, in four others the 
interval varied from one to 14 weeks, with 
all patients clinically stable during that 
time. Psychiatric disturbances were active 
in five patients at the time of the scan, had 
resolved before scanning in two patients, 
and in one, the psychiatric disorder 
occurred some months after the scan. The 
Kurtzke score? was used as a measure of 
disability and was calculated by the neu- 


Table 1.—Comparison of Clinical and Demographic Data for Study Subjects 


Patient Characteristics 


Duration of illness, y 
Mean 
Range 


Extended Kurtzke score 
Mean 
Range 

Course 
Relapsing and remitting 
Progressive 





Controls Cases 
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Patient No. 





Bipolar affective disorder 












Organic hallucinosis 





Major depression 


Major depression 





Organic personality disorder 


*MS indicates multiple sclerosis. 
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Diagnosis 


Organic affective syndrome, depressed 
Bipolar affective disorder; organic personality disorder 


Table 2.—Diagnosis and Descriptive Material for Psychiatric Cases * 


Manic symptoms with steroids given at onset of MS; subsequent manic and 
depressive episodes unrelated to drugs or relapses of MS 
A five-month period of auditory hallucinations and secondary delusions; MS 
diagnosed on admission based on neurologic examination and positive 
magnetic resonance imaging scan 


Suicidal, with major depressive episode 7 y after onset of MS; intermittent minor 


depressions subsequently 





18 months of depressed mood 6 y after onset of MS 
Labile mood coincident with onset of MS; first true depressive episode 13 y later 


Episode of paranoia 6 y after onset of MS; suicide attempt 4 y la:er followed by 
mania and depression in the next year 

Irritability and impulsivity developed 8 y after the onset of MS; affect constricted 

with hypomanic symptoms, as well as ideas of persecutien and reference 


8 Major depression Occurring some 20 years after the onset of MS 


Table 3.—Sites of Multiple Sclerosis Involvement on Clinical Grounds 
and on MRI Scans in Cases and Controls * 


eet 


No. of sites, average 
Range 


* MRI indicates magnetic resonance imaging. 


rologist examining the patient as a routine 
part of clinical follow-up. The attending 
neurologist also defined the clinical extent 
of disease according to sites affected: cere- 
brum, brain stem, cerebellum, spinal cord, 
and optic nerve. Affected sites were 
recorded by considering the results of the 
history and all clinic examinations, and 
were not limited to those present at the 
time of the MRI scan. Psychiatric data 
were obtained from clinic and inpatient 
charts as well as the attending psychia- 
trists. Diagnoses were recorded according 
to the Diagnostic and Statistical Manual of 
Mental Disorders” criteria. 

Magnetic resonance imaging scans were 
performed at a static field strength of 
0.15T with a spin echo sequence having an 
echo delay of 40 ms and a repeat time of 2s 
(Picker International NMR Cryogenic 2000 
system). The sequence provided 12 contigu- 
ous axial slices. Lesions were identified by 
a radiologist (D.K.B.L.). Data were ana- 
lyzed by measuring lesion areas using a 
video display-ball track and cursor system. 
One observer (W.G.H.) performed all mea- 


surements. Scans were both read and mea- 


sured blind to diagnostic group. 

The intraclass correlation coefficients on 
repeated measurements exceeded  .97. 
Lesion location was defined using the atlas 
of Matsui and Hirano," and classified 
according to area headings: frontal, pari- 
etal, temporal, occipital, midbrain, brain 
stem, and cerebellum. Since cerebral ven- 
tricular dilatation is a frequent conse- 
quence of brain pathology, patients with a 
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Fig 1.— Tota! lesion area on magnetic reso- 
nance imaging scan in relation to ventricle- 
brain ratio. Cases and controls were consid- 
ered as group. Correlation coefficient r, = .54 
was significant (P « .05). 


given total lesion area and enlarged ventri- 
cles have more brain tissue involved with 
lesion than do patients with the same 
lesion area and normal ventricle size. To 
ensure this did not influence our results, 
we measured the ventricle-brain ratio 
(VBR) in each patient using the slice on 
which the lateral ventricles were larg- 
est.” 

Statistical comparisons were made 
between case and control groups with the 
Wilcoxon signed rank test. The Spearman 
rank correlation coefficient was used to 





Notes 





4400 
3600 
2800 


c 


2000 


Total Lesion Area, mm* 


400 


Controls Psychiatric 
Disorder 
Fig 2.— Total area of lesions in all brain areas 
on magnetic resonance imaging scan for 
cases and controls. No significant difference 
was found. 


assess the relationship between extent of 
lesions and VBR. 


RESULTS 


Cases and controls were matched as 
shown in Table 1. The control patients 
were slightly older on average; how- 
ever, there were no significant differ- 
ences in duration of illness or in dis- 
ability scores. All cases except one 
were matched with controls having a 
similar course of illness. 
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Total Temporal Lobe Lesion Area, mm? 


Controls 


Psychiatric 
Disorder 


Fig 3.—Tota area of lesions in temporal lobes 
on magnetic resonance imaging scan for con- 
trols and cases with psychiatric disorder. 
Psychiatric disorder cases had significantly 
larger area c! involvement (P < .05). 


A brief deseription of the psychiat- 
ric cases zppears in Table 2. Affective 
disorders were the predominant dis- 
turbance. In eases labeled as organic, 
the psych:atrist was familiar with the 
MRI scan ‘findings before making the 
diagnosis. Al! patients were treated 
with antziepressants and/or neuro- 
leptics. Five of eight patients required 
inpatient psychiatrie care. Family 
history was available for seven 
patients, and none had a relative with 
a defined psychiatric disorder. In all 
cases, the omset of the psychiatric 
disorder waseoincident with or subse- 
quent to tle diagnosis of MS. Episodes 
cf psychiatriedisturbance did not con- 
sistently correlate with neurologic 
exacerbations of MS. 

Comparisons of the clinical evalua- 
tion of case and control patients (Ta- 
ble 3) indicate that the cases had a 
significantly larger number of sites of 
invelvemert (average, 3.4; range, one 
to five) than the controls (average, 2.4; 
range, two to three) (P « .05). Cere- 
bra! and cerebellar involvement on 
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Fig 4.—Comparable magnetic resonance imaging scans at level of temporal lobes. Scan A is 
from patient 1 and shows bilateral frontal, temporal, and occipital lobe plaques, as well as 
midbrain involvement. Scan B is at comparable level from matched control patient showing 
bilateral frontal and temporal lobe plaques, as well as midbrain involvement. Temporal lobe 
involvement in psychiatric cases was significantly larger than in controls. 


clinical grounds was more common in 
cases than in control patients. The 
data from the MRI scans shown in 
Table 3 indicates that all patients had 
cerebral involvement with lesions. 
However, the presence of lesions in 
any particular area of the brain did 
not necessarily correlate with clinical- 
ly defined neurologic symptoms. 

As shown in Fig 1, when cases and 
controls were considered as a whole, 
total lesion area was correlated with 
VBR (r,2.54, P«.05) However, 
there was no significant difference in 
VBR between cases and controls. Sim- 
ilarly, the total lesion area was not 
significantly different between cases 
and controls (Fig 2). Analysis of lesion 
areas in individual brain locations did 
show a significant difference in the 
temporal lobes, as depicted in Figs 3 
and 4. The total area of temporal lobe 
involvement in psychiatric cases (av- 
erage, 488 mm"; range, 33 to 1102 mm?) 
was significantly larger than in con- 
trols (average, 280 mm; range, 33 to 
697 mm?) (P <.05). No other brain 
location showed such a difference, nor 
did analyses based on grouping lesion 
areas from contiguous areas of brain 
reveal further differences or additive 
effects. We were unable to demon- 
strate any effects of laterality. 


COMMENT 


The range of mental disturbances in 
this study is representative of those 
reported in MS,'"" being predominant- 
ly affective disorders. The phenome- 
nology of the psychiatric disorders in 


MS is not well defined. Psychiatric 
syndromes associated with certain 
neurologic disorders, such as stroke, 
are similar to those oceurring inde- 
pendently,? while in the case of epi- 
lepsy, the psychiatric syndromes ap- 
pear to have characteristic symptom 
profiles??? Similar to the investiga- 
tion of Surridge,^ irritability and 
sometimes labile, euphoric mood 
changes were noted in the records of 
our patients. These features may be 
more commonly found in psychiatric 
disorders associated with MS; how- 
ever, larger, prospective studies are 
required to properly investigate this 
question. 

Regarding the first hypothesis, the 
absence of significant family histories 
of psychiatric disorders and the 
absence of such disorders before the 
development of MS in this study are 
evidence against the coincident occur- 
rence of separate illnesses. This con- 
clusion is supported by the results of 
Schiffer et al,’ who found an inci- 
dence of bipolar affective disorder in 
MS patients in excess of that pre- 
dicted by epidemiologic cata. Regard- 
ing the question of reactive distur- 
bances, these might be expected to be 
less common among the more serious 
illnesses our study was undoubtedly 
biased toward. We noted the presence 
of mild affective symptoms in several 
potential controls, who were excluded 
for this reason. Furthermore, the 
study was controlled as well as possi- 
ble for factors thought to contribute 
to the reactive form of depression in 
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MS.^" However, by excluding de- 
mented patients from the study, we 
likely missed a group of subjects 
where presumably widespread cere- 
bral lesions could provoke expression 
of a number of pathologic deteriora- 
tions in personality. Thus, while we 
implicitly accept the hypothesis of a 
reactive component to certain psychi- 
atric disturbances in MS, we believe 
this is minimized in the present 
patients. With the additional infor- 
mation from the clinical and MRI 
findings, we therefore suggest the MS 
lesions themselves are important fac- 
tors in the genesis of psychiatric dis- 
turbances. 

The relative roles of biologic and 
psychosocial factors in the causes of 
the mental disorders in MS has been 
debated for some time. The hypothe- 
ses are that the psychiatric problems 
are either: (1) independent of, and 
merely coincident with, the MS; (2) 
predominantly reactive, originating 
in disability and the unpredictable 
course of MS; or (3) directly related to 
the lesions of the disease. 

In our study, clinically defined cere- 
bral involvement based on neurologic 
symptoms was more common in 
patients with psychiatric disorder 
than in controls, as noted by oth- 
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ers.'*'? While this supports a direct 
role for the disease process in the 
genesis of the psychiatric disorders, 
all patients had evidence of cerebral 
involvement on the MRI scans. How- 
ever, MRI findings in MS patients do 
not always correlate with neurologic 
symptoms.^ The methodology of 
recording all historical sites of clinical 
involvement may be the best repre- 
sentation of the effects of the lesions 
seen on the MRI scans. Johnson et al? 
noted that MRI lesions in MS inter- 
mittently increase in patients with a 
progressive course, may recede, but 
not disappear, in cases with a relaps- 
ing and remitting eourse. One possible 
explanation for the finding of exten- 
sive cerebral lesions in both cases and 
controls is that the lesions in the 
psychiatric patients may have been 
more "biologically active" in provok- 
ing a disturbance in function. This 
possibility is strengthened by the new 
finding tha:, despite lesions being 
present at cortical, brain stem, and 
cerebellar levels as seen by scan in 
psychiatric and control patients, the 
psychiatrie patierts had more clini- 
cally definable sites of involvement. 
The distribution of the MS lesions 
may be a more important factor relat- 
ing to psychiatrie symptoms than the 
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Transcranial 
Doppler 


... Essential for a complete, ; 
noninvasive cerebrovascular examination. 


* 2 MHz pulsed Doppler for noninvasive examination 
of the basal cerebral arteries: Middle cerebral artery, 
Circle of Willis (including communicating arteries), 
vertebral and basilar arteries, carotid syphon and 
opthalmic artery. This is a major addition to the 
composite of other noninvasive information. 

* Immediate, repeatable, inexpensive and 
noninvasive alternative to angiography. + Detects 
transcranial stenoses and occlusions, and monitors 
vasospasms. ¢ Detects changes in intracranial 
pressure. e Monitors cerebral flow during surgery. 
Also used for long term monitoring. * Facilitates 
selection and timing of angiography and 
cerebrovascular surgery. * Highly portable for 
surgical, bedside or vascular lab use. * The power 
output is adjustable, making it suitable for use with 
neonates as well as adults. e Displays mean velocity 
in either cm/sec or KHz Doppler shift, systolic/diastolic 
ratio, peak systolic, vessel depth and flow direction. 
Freeze frame capacity. « Hard copy dot matrix printer 
(optional). « Call 1-800-334-4534 to place your order, 
for in-depth information or an on-site demonstration. 


Exclusive distributor in the USA and Canada for Eden Medical Electronics. 
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biometals for dissection in the cranium and spine. Methylmethacrylate and biometals as they relate to neurosurgery will also be considered. 
The Midas Rex Hands-On Workshops will be held each day from 7:00 am to 1:00 pm at the permanent instructional facility, 529 25th Street, 
West Palm Beach. The afternoons and evenings are free to enjoy some of the many activities that the Palm Beach area has to offer such as: 
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able to “Palm Beach Symposium?" Surgeon— 
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Tenure-track position available in 
the Department of Neurology at 
the University of Kentucky for a 
BC/BE pediatric neurologist. A sys- 
tem of regional clinics provides an 
abundant and superb base of clini- 
cal problems ideal for framing 
investigative questions. Excellent 
opportunities for diverse basic sci- 
ence research. 


Send CV and three letters of refer- 
ence to: 

Robert J. Baumann, M.D. 
Associate Professor 
Department of Neurology 
University of Kentucky 
Lexington, KY 40536 


An equal opportunity/affirmative 
action employer. 


NEUROLOGIST 


Excellent opportunity for a busy 
and rewarding practice for 1-2 
neurologists BC/BE in eastern 
lowa. Two full service hospitals. 
Full EEG, EMG, BER facilities and 
three state-of-the-art CTs available 
in referral area of 250,000. Superb 
recreational, cultural and educa- 
tional opportunities located in city 
of 65,000, on the Mississippi River. 
Unique opportunity for solo prac- 
tice or to join a large progressive 
Internal Medicine Group. Send CV 
to: 


Charles S. Rothberg, M.D. 
300 Grandview Ave 
Dubuque, IA 52001 
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total occlusion. 
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subclavian stenosis, thoracic outlet syndr 
and vertebral artery anomolies. 

e Detect flow lesions in periphe"al arteries 
veins. 

e Easy to operate with simple, “ast, accurz 
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e Real time color spectral display. 

e Color coded flow map and spectral 
parameters. 

e Video tape recording allows o*f-site 
interpretations. 

e Call 1-800-334-4531 for information or e 
on-site demonstration. 


Three noninvasive modalitiess- 
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Neurobehavioral Outcome After Closed 
Head Injury in Childhood and Adolescence 


Christopher M. Filley, MD; Lee D. Cranberg, MD; Michael P. Alexander, MD; Edward J. Hart, MD 


e Hospital records of 53 children and 
adolescents, aged 18 years or less, with 
closed head injury were reviewed for 
information on long-term outcome. Com- 
puted tomographic scans were used to 
divide the patients into clinicopathologic 
groups. Within these groups, duration of 
coma was the major index of severity. 
Outcome was assessed using the Glas- 
gow Outcome Scale and by evaluating 
social behavior, school performance, and 
vocational functioning. Patients with dif- 
fuse injury plus focal lesions fared worse 
than those with diffuse injury only. Coma 
lasting more than one month led to a 
poorer outcome in both groups. Many 
individuals had limiting emotional distur- 
bances, which may have resulted from 
disruption of frontal systems modulating 
arousal and social behavior. 

(Arch Neurol 1987;44:194-198) 


losed head injury (CHI) is an 

increasingly common problem, 
especially in adolescents and young 
adults, and in children represents a 
significant cause of morbidity and 
mortality.' Studies on outcome in chil- 
dren surviving CHI have identified 
lasting cognitive and emotional 
sequelae,'* but controversy continues 
as to the specific contributions of 
brain injury to the residual deficits 
observed.’ With few exceptions,* pre- 
vious studies have suffered from a 
lack of reliable lesion localization, 
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which is now provided by computed 
tomographic (CT) scanning. In addi- 
tion, methods of assessing severity of 
injury have varied considerably, 
length of follow-up has often been 
inadequate, and detailed information 
on the late effects of CHI is frequently 
unavailable. 

The present study was undertaken 
to address these issues from a neuro- 
behavioral perspective. The aim was 
to assess outcome after CHI in a large 
series of pediatric patients. Computed 
tomographic data were used to corre- 
late site of lesion with clinical course 
in terms of social behavior, school 
performance, and vocational function- 
ing. More conventional indexes, such 
as the Glasgow Outcome Scale (GOS),° 
motor impairment, and neurologic 
follow-up, were also examined. The 
relationship of outcome to duration of 
coma, age at injury, and presence of 
medical complications was also inves- 
tigated. A major goal was to identify 
factors within this group of severely 
head-injured patients, such as site of 
brain injury and coma duration, 
which could help clarify the neurobe- 
havioral outcome. 

The patients described in this study 
represent consecutive admissions to a 
rehabilitation facility. This series, 
therefore, is not comparable to most 
other reports in the literature, which 
describe consecutive admissions to an 
emergency room or neurosurgical ser- 
vice. Our patients were obviously sur- 
vivors of severe CHI, a group that 
merits specific study because of the 
challenge these individuals present to 
rehabilitation and subsequent educa- 
tional and vocational resources. 


PATIENTS AND METHODS 


Patients were selected from the practice 
of one of us (E.J.H.) at an urban pediatric 


rehabilitation hospital and were included 
if they were aged 18 years or less at the 
time of CHI. Most patients arrived at the 
hospital within weeks or months of the 
event, spent several months receiving 
rehabilitative therapy, and returned to the 
hospital for follow-up visits following dis- 
charge. Closed head injury was considered 
in the conventional sense of nonpenetrat- 
ing head injury, but many patients had 
extensive skull injuries from blunt trau- 
ma. 

A series of 50 consecutively admitted 
patients with significant CHI was 
obtained. The next three children who 
were younger than 12 years were added 
because the consecutive series had a rela- 
tive paucity of younger patients; the total 
number of patients was therefore 53. This 
strategy was devised to obtain a series of 
consecutive patients from the earliest era 
in which CT scanning would have been 
available for all cases and from a remote 
enough era that long-term follow-up would 
be available in most cases. The absence of 
long follow-up was solely a matter of geog- 
raphy—distance from hospital precluded 
return for some patients. Records were 
reviewed retrospectively for data concern- 
ing age at injury, sex, cause of injury, 
initial physical findings, CT scans, roent- 
genograms, and medical complications at 
or near the time of injury. The duration of 
coma was determined for each patient and 
became the primary index of severity. 
Coma can be defined as the period follow- 
ing injury during which the patient does 
not follow commands, speak, or open the 
eyes,’ but in this retrospective series, such 
detailed information was often unavail- 
able. Accordingly, we estimated coma 
duration in some patients by noting the 
period during which directed alertness was 
not observed. Neuropsychologic evalua- 
tion; speech and language assessment; and 
tests of reading, spelling, and arithmetic 
were obtained when available. 

Computed tomographic scans were 
reviewed to determine the site or sites of 
injury. Contusions, hemorrhages, and 
infarcts were classified as focal lesions, 
and their locations were recorded. Epidu- 
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ral and subduar= hematomas were not con- 
sidered weal les ons i? there was no associ- 
ated parenchyma! damage noted on CT 
scan; this approach finds precedent in 
work with head-injured adults? We 
assumec that d-Tuse injury was present if 
the scan-showec diffuse edema or if it was 
normal and as-ociated with a period of 
unconseiwsness Those patients who had 
focal les:ons butalso:CT evidence of diffuse 
damage or prolenged coma were classified 
as havine-a mixed injury. 

In. climea! terms, diffuse injury presents 
a chara temistic picture of initial coma 
followed by variable recovery. Patients 
may opea their syes and then remain in a 
state of unresponsive vigilance, or they 
may make further progress to higher func- 
tional levels? [Diffuse axonal injury has 
been we! documented as the essential 
pathologec eond:tion in such injury.'^" A 
mixed injury would involve a superim- 
posed cortical lesion and add another ele- 
ment to his pic-ure (eg, dysphasia). 

Outpatient re ords were also reviewed, 
and the deried ef follow-up ranged from 
six to 133 morchs, with a mean of 34 
months. “ssessment of outcome included 
several eriteria An overall estimate of 
functional status was made using the GOS. 
This is a &ve-pont scale that quantitates 
disability after brain damage as follows: 5 
indicates good r»cevery; 4, moderate dis- 
ability; & sever disability; 2, persistent 
vegetative state PYS); and 1, death.* More 
specific esta were collected on ultimate 
physical disability (hemiparesis, quadri- 
paresis, afaxta, and dysarthria), dyspha- 
sia, and medical preblems (seizures, shunt 
management, or hapedie procedures, etc). 
Informaten wasthen sought on emotional 
disturbamee or personality change, perfor- 
mance im schwol. and vocational function- 
ing, if apgplicabl-. Repeated neuropsycho- 
logic or o her formal evaluations were also 
recorded. 

Criteria for assessing outcome in social 
behavior, school performance, and voca- 
tional fumctiening were devised so that 
each patient coul be classified as having a 
good outcome, moderate impairment, or 
severe impairment. For social behavior, a 
good outcome^was considered to be normal 
behavior Dr oaly-minor behavioral distur- 
bance; mederate mpairment was taken to 
be a state of ether mild underarousal 
(apathy or peer r-otivation) or overarousal 
(irritabiley or  hyperactivity); severe 
impairment was a condition of marked 
underarowsa! or overarousal. School per- 
formance-was coasidered good if the indi- 
vidual wæ achieving at premorbid levels 
or had only minor difficulty (all patients 
were allowed on» year’s delay because of 
time lost x hesp=alization and rehabilita- 
tion). Mecerate impairment was more 
than one years aelay; special classes may 
have beer neces ary. Severe impairment 
consisted of minima! school progress, even 
with spesial classes, or those cases in 
which edueation was not possible at all. 
For thoses*ith werk experience, vocational 
functionimg was regarded as good if the 
individua s^worked at-a job that was at or 
near the Eve! expected premorbidly, mod- 
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erately impaired if they were in a struc- 
tured work program or required supervi- 
sion, and severely impaired if they were 
employed in a minimally productive capac- 
ity or not at all. 

Twelve patients remained in PVS,” of 
whom four died during the period of fol- 
low-up; in these 12 patients, social, aca- 
demic, and vocational data were, of course, 
unavailable. 

RESULTS 


The analysis of our 53 patients pro- 
ceeded along three major avenues: (1) 
a demographic overview of 50 head- 
injured patients admitted consecu- 
tively to a pediatric rehabilitation 
hospital; (2) a comparison, from the 
entire group of 53, of patients with 
diffuse injury only and those with 
diffuse injury plus one or more focal 
lesions (mixed injury); and (3) a 
detailed outcome study of 24 patients 
with three or more years of follow-up, 
also drawn from the entire group of 53 
patients. 


Consecutive Series of 50 Patients 


Demographic features of these 
patients are shown in Table 1. There 
was a marked predominance of teen- 
agers, and in all age subgroups (0 to 6 
years, 7 to 12 years, and 13 to 18 
years), boys constituted a large 
majority. Motor vehicle accidents 
accounted for most of the injuries, 
strikingly so in the teenage sub- 
group. 

Diffuse vs Mixed Injury 


Among the total of 53 patients, 51 
were considered to have either diffuse 
or mixed injury. Two patients could 
not be so classified; one never had a 
CT scan, and the other had a purely 
focal injury. In all, 52 of our 53 
patients had at least one CT scan; 
excluding the patient with a focal 
lesion only, 25 patients had diffuse 
injuries and 26 had mixed injüries. 

Diffuse injury, initially at least, is a 
clinical diagnosis, and the CT scan is 
often normal when the patient is first 
seen. Often, however, ventricular 
enlargement can be seen at a later 
date, as was observed in some of our 
patients and in a study of head- 
injured adults.* 

The sites of lesions in the mixed 
injury patients are shown in Table 2. 
Multiple lesions were frequently 
present. When single lesions occurred, 
they appeared more often in the fron- 
tal and temporal lobes. These areas 
were also more likely to be involved in 
patients with multiple lesions. 

Initial clinieal features of these 51 
patients are shown in Table 3. 
Patients with mixed injury had more 
extracerebral cranial injuries than 
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Table 1.—Demographic Features of 50 
Consecutively Admitted Patients 


Age 
Distribution, y 










Demographic 0-6 7-12 13-18 
Features (N=9) (N=8) (N= 33) 
Sex 












M 7 7 25 

F 2 1 8 
Injury 

Motor vehicle 

accident 7 5 31 

Other 2 3 2 
Follow-up, mo 

Range 6-133 7-69 6-66 





Mean 39 29 





Table 2.—Lesion Sites in Patients 
With Mixed Injury (N = 26) 


No. of 
Patients 


Site 
Single lesions 
Frontal 
Temporal 
Parietal 


Occipital 
Subcortical 
Multiple lesions 





those in the diffuse group (29 pa- 
tients in the former group vs 11 in 
the latter). Only the differences in 
subdural hematomas individually 
reached significance (x{1] = 4.46, 
P «.05), but all differences favored 
more extracerebral injury in the 
mixed group. As mentioned, subdural 
hematoma without CT evidence of 
intracerebral damage was not consid- 
ered in decisions about mixed vs dif- 
fuse injuries. Initial mutism (ie, out- 
lasting the period of coma) and medi- 
cal complications appeared to be com- 
parable in the two groups. Duration of 
coma was significantly longer in 
patients with mixed injury; 24 of 26 
such patients had coma lasting one 
week or longer, whereas only 16 of 25 
patients with diffuse injury had coma 
of this duration. 

Follow-up data of these patients are 
shown in Table 4. In terms of the GOS, 
the mean outcome indieated a signif- 
cantly better prognosis for diffuse 
injury (t[49] = 1.73, P < .05). Simpie 
inspection of Table 4 demonstrates 
that twice as many patients with dif- 
fuse injury had a good (category 5) 
outcome (ten vs five), and twice as 
many with mixed injury had a cata- 
strophic (categories 1 and 2) result 
(eight vs four). Residual motor signs 
were seen in nearly all patients, with 
hemiparesis and quadriparesis being 
most prominent. Lasting dysphasia 
and seizures were seen more often in 
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Diffuse 
Clinical Feature (N = 25) 
Extracerebral cranial injuries 
Skull fracture 6 
Epidural hematoma 2 
Subdural hematoma 3 


Total 


Table 3.—Clinical Features of Patients With Diffuse and Mixed Injury 


Mixed Statistical 
(N = 26) Parameters" 
11 x*(1) = 1.187, NS 
7 x*(1) = 1.973, NS 
11 x2(1) = 4.455, P < .05 


11 29 is 
Medical complications T 9 L3" 


Coma duration 
« 1 day 


1 day-1 week 
1 week-1 month 


0i j|- 


>1 month 


1 A 
1 x*(1) = 4.480, P < .05 





* NS indicates not significant. 


Table 4.— Outcome of Patients With Diffuse and Mixed Injury 


Diffuse Mixed Statistical 
Outcome (N = 25) (N = 26) Parameters” 

Glasgow Outcome Scale (score) 

Good recovery (5) 10 5 

Moderate disability (4) 7 8 

Severe disability (3) 4 5 

Persistent vegetative state (2) 3 5 

Death (1) 1 3 ks 

Mean 3.9 3.3 t(49) = 1.73, P< .05 
Residual motor signs 

None 1 3 NS 

Significant paresis 19 23 NS 

Ataxia 7 NS 

Dysarthria 2 4 NS 
Seizures 5 11 NS 





* NS indicates not significant. 


the patients with mixed injury. Only 
the difference in dysphasia ap- 


_ proached significance, although again 
trends favored the mixed group for all 


findings except ataxia. 
Long-term Outcome Study 


Twenty-four patients had follow-up 
lasting three years or longer (mean, 
56 months). The effect of coma dura- 
tion on outcome is shown in Table 5. 
Correlations were calculated between 
length of coma by duration grouping 
(<1 week, one week to one month, and 
>1 month) and by outcome score (1 
through 5 for the GOS and 1 through 3 
for our scales). No statistically com- 
pelling relationship between duration 
of coma and outcome was observed, 
but two points deserve emphasis: (1) 
no patient with coma for more than 
one month had a good outcome by any 
criterion and (2) coma lasting less 
than one week sometimes resulted in 
severe social and school and vocation- 
al impairment. 

In Table 6, the effect of injury type 
on outcome in patients with long-term 
follow-up is displayed. Twenty-two 
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individuals are considered because 
one of the 24 patients with long fol- 
low-up had an injury for which a 
decision about localization could not 
be made, and another had a focal 
lesion only. Although the number of 
patients is small, and conventional 
levels of statistical significance were 
not reached, diffuse injury coupled 
with one or more focal lesions resulted 
in a worse outcome than diffuse inju- 
ry alone. Patients with diffuse injury 
and multiple focal lesions fared espe- 
cially poorly. 

Long-term outcome related to age is 
shown in Table 7. Again, the number 
of patients is small, but none of the 
children aged 6 years or less had a 
good outcome by any criterion. 

There was a relationship between 
outcome and major medical problems 
at or near the time of injury. These 
complications ranged from blunt 
abdominal trauma to apnea at the 
time of injury to frank cardiopulmo- 
nary arrest. Ten of the 12 patients 
in PVS were not followed up long 
enough for inclusion in the long-term 
group, but six of these ten patients 
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had major medical problems. It is 
clear that our cases of PVS in- 
cluded an excess of significant com- 
plications. 

Cognitive impairment was formally 
assessed in those individuals who had 
both early and late neuropsychologic 
testing. Our study was not designed to 
assess group psychometric outcome, 
having already divided the patients by 
relevant neurologic criteria. Eleven of 
24 patients had two or more evalua- 
tions, and an overall pattern emerged. 
The revised Wechsler Intelligence 
Seale for Children (WISC-R) Perfor- 
mance IQ (PIQ) was more affected 
than Verbal IQ (VIQ) initially; VIQ 
and PIQ both improved. Patients with 
diffuse and mixed injury showed the 
same pattern. In some patients, focal 
lesions resulted in specific lateralized 
neuropsychologic deficits, such as per- 
sistent aphasia after left hemisphere 
lesions, or in severe visuospatial defi- 
cits after right fronteparietal lesions. 
Academic problems (in reading, spell- 
ing, and arithmetic), dysphasia, and 
memory impairment were all encoun- 
tered. 

The classification of behavioral out- 
come in the full group of 24 patients 
followed up longer than three years 
was as follows: three patients had a 
good outcome, three were mildly over- 
aroused, six were severely over- 
aroused, seven were mildly under- 
aroused, and three were severely 
underaroused (two were in PVS, one 
of whom died). 


COMMENT 


Several points regarding demo- 
graphic data on the 50 consecutively 
admitted patients are pertinent. The 
number of teenagers is no doubt re- 
lated to the prominence of motor vehi- 
cle accident as the cause of injury. The 
excess of boys in all age subgroups is 
also evident, a finding consistent with 
many previous studies. The pre- 
ponderance of motor vehicle accidents 
as an etiologic factor is similarly in 
accord with recent data.*5!516202223 

Regarding the issue cf diffuse vs 
mixed injury, 52% of our patients who 
had CT scans (27/52) had focal paren- 
chymal lesions; these were cortical 
contusions, intracerebral hemor- 
rhages, or infarcts. In contrast, Bruce 
et al‘ reported that just two of their 53 
head-injured children had focal 
lesions as we have defined them; the 
difference may be due to the setting in 
which the patients were seen, im- 
proved accuracy of CT diagnosis in 
our patients, more severe injuries, or 
other factors. When focal lesions were 
present in our series, they were often 


Closed Head Injury—Filley et al 


RE OST 


Tabie-5. —Cuteome and Duration of Coma in 24 Patients With Long-term Follow-up 


«1 Week 
(N = 5) 


Sccial eutcome (score) 
Gooc (3) 


Moderate mpairment (2) 
Severe impairment (1) 
School and vocational outcome 


(sco 
Gecd (3) 


Mecerete impairment 
12) 


Severe impairment (1) 


Social ou-come 
Good 


Modesate impairment 
Seve=impairment 

School ard vocational outcome 
Good 
Mode:etesmpamment 
Severs impairment 


multiple (11 of 26 patients). In these 
cases anc in those with lesions local- 
ized to ore region, frontal and tempo- 
ral lobes were preferentially involved, 
a feature well known from studies of 
adult head injury.” 

The outcome in diffuse injury 
patients was better than in those with 
mixed injury. A wide range of recov- 
ery Was apparent, but the presence of 
2 focal lesiem did suggest a poorer 
euteome zs assessed by the GOS. 
Bruce et al’ found that the presence of 
a mass lesion did net influence out- 
come. Their group with mass lesions, 
however, mcinded many patients with 
extradural and subdural hematomas, 
and these may not be associated with 
parenchyma! injury and thus may not 
effect outeame adversely. On the oth- 
er hand, zur data support those of 
Lobato et 31,* who found in adults that 
multiple iatraparenchymal lesions led 
to a worse outeome. That duration of 
coma tencs to be longer in patients 
with mixed injury may be due to the 
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1 Week-1 Month 
(N = 13) 


come. 


Coma Duration 


71 Month 
(N = 6) 





greater cerebral damage incurred 
when focal lesions are superimposed 
on diffuse injury. 

Residual motor signs, especially 
significant paresis, were frequent in 
both the diffuse-injury and mixed- 
injury groups. This observation 
strongly suggests deep white-matter 
disruption.? Dysphasia and seizures 
were more common in patients with 
mixed injury, probably reflecting the 
superimposed burden of focal cortical 
damage. We conclude that the specific 
neuropathologic condition is an 
important factor in outcome. 

Early medical complications were 
present in most of our patients in 
PVS, and we suspect that medical 
problems contributed to poorer out- 
The combination of early 
increased intracranial pressure and 
major systemic injury was common in 
patients in PVS. 

The detailed analysis of outcome in 
the 24 patients with three or more 
years' follow-up is crucial for the 





Table 6.— Outcome and Type of 
Injury in 22 Patients 
With Long-term Follow-up 












Injury 
—Ó 
Diffuse Mixed 
(N= 12) (N= 10) 





Outcome 


Glasgow 
Outcome 
Scale 

Score 


















Social outcome 














Good 1 1 
Moderate 
impairment 7 2 
Severe 
impairment 4 7 
School and 
vocational 
outcome 
Good 5 0 
Moderate 
impairmen: 2 1 
Severe 






impairment 





delineation of specific neurobehavio- 
ral deficits that may emerge after 
CHI. We used three criteria of out- 
come: an overall outcome assessment 
provided by the GOS, a descriptive 
assessment of social function, and a 
school or vocational assessment. 
These criteria, although necessarily 
subjective, were believed to be the 
most meaningful indicators of actual 
recovery. A variety of emotional and 
cognitive deficits can be associated 
with a good outcome by GOS crite- 
ria. 

Duration of coma was the main 
index of CHI severity in our study 
because it proved to be the most readi- 
ly available variable with predictive 
accuracy. Outcome by all of these cri- 
teria worsened as coma duration 
increased, a finding noted by several 
other studies.'^/*27* None of our long- 
term patients in either group had a 
good outcome, by any criterion, if 
coma duration was greater than one 
month. 

The question of age influencing out- 
come has recently been raised, with 
some investigators finding evidence 
for a greater vulnerability to head 
injury at younger ages; children below 
age 10 years" and below age 12 


.years?? appear to have worse out- 


comes than older children. On the 
other hand, Klonoff et al? found no 
significant differences between chil- 
dren less than 9 years of age and those 
older than 9 years, and Chadwick et 
al noted no age effect in their series 
of children aged 12 years or less. Our 
data suggest that children 6 years old 
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or under do not fare as well in terms 
of social and school/vocational func- 
tioning. 

Our primary intent was to explore 
the persistent cognitive and emotional 
sequelae of CHI. It is well established 
that cognitive impairment, as mea- 
sured by neuropsychologic evaluation 
and school performance, is causally 
related to brain injury. ^??? Our 
findings are in accord with those of 
others showing lasting cognitive defi- 
cits. Initial testing revealed diffuse 
impairment and a discrepancy be- 
tween VIQ and PIQ. This difference is 
partly due to the PIQ subtests, which 
put selective demands on attention 
and are likely to document gross defi- 
cits during a posttraumatic confusion- 
al state. Follow-up evaluations 
showed improvement, with PIQ 
steadily approaching VIQ. Even when 
recovery was good, however, esti- 
mated premorbid levels were not 
attained. There is an extensive study 
on the psychometric profile of recov- 
ery in adults following head injury, 
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which describes a similar pattern.” 
Group psychometric data are, howev- 
er, not valuable in defining significant 
clinical differences. Particularly in 
the mixed group, important differ- 
ences would be lost by adding together 
the neuropsyehologic data of patients 
with left, right, and bilateral lesions. 
Individual patterns of impairment 
that identify specific neurobehavioral 
syndromes are of considerable value. 

Emotional changes are not as well 
correlated with specific brain injury” 
and are not as well defined.’ Nineteen 
of our 22 patients who were not vege- 
tative at long-term follow-up had 
residual emotional disturbances. 
These behavioral problems were char- 
acterized by deficits in arousal and 
emotional modulation. The nine 
patients with a profile of overarousal 
displayed a picture of inattentiveness, 
irritability, and hyperactivity, often 
combined with impulsivity, inappro- 
priate behavior, and aggressiveness. 
The ten patients with underarousal 
demonstrated apathy, poor motiva- 
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diagnosis anc treatment of seizure soluble, TEGRETOL forms a dihydrate when in 
disorders ther» may be, certain facts contact with water. To prevent dihycrate from 

are indisputatle remaining in the tablet, manufacturing and storage 
Epilepsy is aserious, complex conditions must be ideal. Otherwise, the drug 
condition. Thkenature of the disorder might not disintegrate, thus impairing absorption 








requires individualized, carefully titrated and potentially hindering efficacy. 

anticonvulear: teatment for each patient. Physicians, pharmacists, and pétients prefer 
Furthermore, successful control of the epileptic products they know and trust...«nd over the 
patient 2ererds on the maintenance of last two decades, TEGRETOL has earned that 
therape-iticarticonvulsant activity, without which trust. Only TEGRETOL is backed by more than 20 
serious arc sometimes life-threatening years of CIBA-GEIGY experience and over a 
breakthrough seizures can occur. Epilepsy, often million patient- years of therapeutic success. 

a lifelongdisorder, can best be treated with — Available as 100-mg cherry/mint-flavored scored 
anticonvulear:sthat the physician, pharmacist, chewable tablets and 200-mg scored tablets for 
and patentcan ‘rust. convenient dosing. 

TEGRETOL is 2 difficult TEGRETOL is indicated for children 


6 years and older and adults whose 
seizures are difficult to control and 


product te formulate. This is not i iol an 
| - who are experiencing marked side 
unusuari wit enn"convulsants, re Ol “as effects un other bc Lice drugs. 
iv NOTE: Because ofthe potential for 


iven pravieus experience with leg 
ie A A E dünceb P LS serious adverse reactions, it is 
WING pages TC C ete Frescribing Intormation. P important you become thoroughly 
1. Stahl PH: The préiblems.»f drug interactions with Car bamazepine, US familiar with the Prescribing Informa- 
excipients, im Bremer (SD =d): Towards Better Safety tion for TEGRETOL on the following 


of Drugs ane Phasmaeeurcal Products, New York, — ...bDecause there's no substitute for experience pages, especially the boxed warnin 
Elsevier/Nor?^ Heltanc3icmedical Press, concerning blood abnormalities and 


1980, pp 265-280 CI the necessity for repeated 
BA-GEIGY 318-7980-A ©CIBA-GEIGY 1986 blood counts. 
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retol 
carbamazepine USP 


... because after seizure 
there's a lot of living to do! 


Tegretol® 
carbamazepine USP 
Chewable Tablets of 100 mg—red-speckled, pink Tablets of 200 mg—pink 


WARNING 

SERIOUS AND SOMETIMES FATAL ABNORMALITIES OF BLOOD CELLS 
(APLASTIC ANEMIA, AGRANULOCYTOSIS, THROMBOCYTOPENIA, AND 
LEUKOPENIA) HAVE BEEN REPORTED FOLLOWING TREATMENT WITH 
TEGRETOL, CARBAMAZEPINE. 

EARLY DETECTION OF HEMATOLOGIC CHANGE IS IMPORTANT SINCE, IN 
SOME PATIENTS, APLASTIC ANEMIA IS REVERSIBLE. 

COMPLETE PRETREATMENT BLOOD COUNTS, INCLUDING PLATELET 
AND POSSIBLY RETICULOCYTE AND SERUM IRON, SHOULD BE OB- 
TAINED. ANY SIGNIFICANT ABNORMALITIES SHOULD RULE OUT USE OF 
THE DRUG. THESE SAME TESTS SHOULD BE REPEATED AT FREQUENT 
INTERVALS, POSSIBLY WEEKLY, DURING THE FIRST THREE MONTHS OF 
THERAPY AND MONTHLY THEREAFTER FOR AT LEAST TWO TO THREE 
YEARS. THE DRUG SHOULD BE STOPPED IF ANY EVIDENCE OF BONE 
MARROW DEPRESSION DEVELOPS. 

PATIENTS SHOULD BE MADE AWARE OF THE EARLY TOXIC SIGNS AND 
SYMPTOMS OF A POTENTIAL HEMATOLOGIC PROBLEM, SUCH AS FEVER, 
SORE THROAT, ULCERS IN THE MOUTH, EASY BRUISING, PETECHIAL OR 
PURPURIC HEMORRHAGE, AND SHOULD BE ADVISED TO DISCONTINUE 
THE DRUG AND TO REPORT TO THE PHYSICIAN IMMEDIATELY IF ANY 
SUCH SIGNS OR SYMPTOMS APPEAR. 


This drug is not a simple analgesic and should not be used for the relief of 
trivial aches or pains. Treatment of epilepsy should be restricted to those 
classifications listed under "INDICATIONS AND USAGE.” 

Before prescribing Tegretol, the physician should be thoroughly familiar 
with the details of this prescribing information, particularly regarding use 
with other drugs, especially those which accentuate toxicity potential. 
DESCRIPTION , , 

Tegretol, carbamazepine USP, is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral 
administration. Its chemical name is 5H-dibenz[b.fJazepine-5-carboxamide, and its 


structural formula is: 
OL IO 


| 
CONH; 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
soluble in alcohol and in acetone. Its molecular weight is 236.27. 

Inactive Ingredients. Colloidal silicon dioxide, FD&C Red No. 3 (chewable tablets only), 
FD&C Red No. 40 (200 mg tablet only), flavoring (chewable tablets only), gelatin, glycer- 
in, magnesium stearate, sodium starch glycolate (chewable tablets only), starch, stearic 
acid, and sucrose (chewable tablets only). 

CLINICAL PHARMACOLOGY 

In controlled clinical trials, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia. 

It has demonstrated anticonvulsant properties in rats and mice with electrically anc 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation. Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potentia! 
and bulbar and polysynaptic reflexes, including the linguomandibular reflex in cats. 
Tegretol is chemically unrelated to other anticonvulsants or other drugs used to control 
the pain of trigeminal neuralgia. The mechanism of action remains unknown. 

Tegretol tablets are adequately absorbed after oral administration at a slower rate 
than a solution, thus avoiding undesirably high peak concentrations. Tegretol in blood is 
76% bound to plasma proteins. Plasma levels of Tegretol are variable and may range 
from 0.5-25 ug/ml, with no apparent relationship to the daily intake of the drug. Usual 
adult therapeutic levels are between 4 and 12 g/ml. Following oral administration, 
serum levels peak at 4 to 5 hours. The CSF /serum ratio is 0.22, similar to the 22% 
unbound Tegretol in serum. Because Tegretol may induce its own metabolism, the 
half-life is also variable. Initial half-life values range from 25-65 hours, with 12-17 hours 
on repeated doses. Tegretol is metabolized in the liver. After oral administration of 
'4C-carbamazepine, 72% of the administered radioactivity was found in the urine anc 
28% in the feces. This urinary radioactivity was composed largely of hydroxylated anc 
conjugated metabolites, with only 396 of unchanged Tegretol. Transplacental passage of 
Tegretol is rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues, with 
higher levels found in liver and kidney than in brain and lungs. 

INDICATIONS AND USAGE 

Epilepsy: Tegretol is indicated for the following conditions in patients who have not 
responded satisfactorily to treatment with other agents such as phenytoin, phenobar- 
bitat, or primidone: 

1. Partial seizures with complex symptomatology (psychomotor, temporal lobe). Pa- 
tients with these seizures appear to show greater improvement than those with other 
types. 
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2. Generalized tonic-clonic seizures (grand mal). 
3. Mixed seizure patterns which include the above, or other partial or generalized 
seizures. 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see 
PRECAUTIONS General). 

Because of the necessity for frequent laboratory evaluation for potentially serious side 
effects, Tegretol is not recommended as the drug of first choice in seizure disorders. It 
should be reserved for patients whose seizures are difficult to control or patients experi- 
encing marked side effects (e.g., excessive sedation). 

Trigeminal Neuralgia: Tegreto! is indicated in the treatment of the pain associated 
with true trigeminal neuralgia. 

Beneficial results have also been reported in glossopharyngeal neuralgia. 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depres- 
sion, hypersensitivity to the drug, or known sensitivity to any of the tricyclic compounds, 
such as amitriptyline, desipramine, imipramine, protriptyline, nortriptyline, etc. Likewise, 
on theoretical grounds its use with monoamine oxidase inhibitors is not recommended. 
Before administration of Tegretol, MAO inhibitors should be discontinued for a minimum 
of fourteen days, or longer if the clinical situation permits. 

WARNINGS 
The drug should be discontinued if evidence of significant bone marrow depression 
occurs, as follows: 


1) Erythrocytes less than 4,000,000/cu mm 
Hematocrit less than 32% 
Hemoglobin less than 11 gm/100 ml 
2) Leukocytes less than 4000/cu mm 
3) Platelets less than 100,000/cu mm 
4) Reticulocytes less than 0.3% (20,000/cu mm) 
5) Serum iron greater than 150 1:g/100 ml 


Patients with a history of adverse hematologic reaction to any drug mav be particu- 
larly at risk. 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyells syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegretol. These reactions 
have been extremely rare. However, a few fatalities have been reported. 

Tegretol has shown mild anticholinergic activity: therefore, patients with increased 
intraocular pressure should be closely observed during therapy. 

Because of the relationship of the drug to other tricyclic compounds, the possibility of 
activation of a latent psychosis and, in elderly patients, of confusion or agitation should 
be borne in mind. 

PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination should 
be made. 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associ- 
ated with increased frequency of generalized convulsions (see INDICATIONS AND 
USAGE) 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients 
with a history of cardiac, hepatic or renal damage, adverse hematologic reaction to 
other drugs, or interrupted courses of therapy with Tegretol. 

Information for Patients: Since dizziness and drowsiness may occur, patients should 
be cautioned about the hazards of operating machinery or automobiles or engaging in 
other potentially dangerous tasks. 

Laboratory Tests: Complete pretreatment blood counts, including platelets and pos- 
sibly reticulocytes and serum iron, should be obtained. Any significant abncrmalities 
should rule out use of the drug. These same tests should be repeated at frequent 
intervals, possibly weekly, during the first three months of therapy and mantnly there- 
after for at least two to three years. 

Baseline and periodic evaluations of liver function, particularly in patients with a 
history of liver disease, must be performed during treatment with this drug since liver 
damage may occur. The drug should be discontinued immediately in cases of aggra- 
vated liver dysfunction or active liver disease. 

Baseline and periodic eye examinations, including slit-lamp, funduscopy and tonom- 
etry, are recommended since many phenothiazines and related drugs have been shown 
to cause eye changes. 

Baseline and periodic complete urinalysis and BUN determinations are recom- 
mended for patients treated with this agent because of observed renal dysfunction. 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) nas increased the 
efficacy and safety of anticonvulsants. This monitoring may be particularly useful in 
cases of dramatic increase in seizure frequency and for verification of compliance. In 
addition, measurement of drug serum levels may aid in determining the cause of toxicity 
when more than one medication is being used. 

Thyroid function tests have been reported to show decreased values with Tegretol ad- 
ministered alone. 

Drug Interactions: The simultaneous administration of phenobarbital, phenytoin, or 
primidone, or a combination of two, produces a marked lowering of serum levels of 
Tegretol. 

The half-lives of phenytoin, warfarin, doxycycline, and theophylline were significantly 
shortened when administered concurrently with Tegretol. Haloperidol serum levels may 
be reduced when the drug is administered with Tegretol. The doses of these drugs may 
therefore have to be increased when Tegretol is added to the therapeutic regime. 

Concomitant administration of Tegreto! with erythromycin, cimetidine, proooxyphene, 
isoniazid or calcium channel blockers has been reported to result in elevated plasma 
levels of carbamazepine resulting in toxicity in some cases. Also, concomitant adminis- 
tration of carbamazepine and lithium may increase the risk of neurotoxic side effects. 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications. 

Breakthrough bleeding has been reported among patients receiving concomitant oral 

contraceptives and their reliability may be adversely affected. 
Carcinogenicity, Mutagenesis, Impairment of Fertility: Carbamazepine, when 
administered to Sprague-Dawley rats for two years in the diet at doses of 25, 75, and 
250 mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular 
tumors in females and of benign interstitial cell adenomas in the testes of males. 

Carbamazepine must, therefore, be considered to be carcinogenic in Sprague- 
Dawley rats. Bacterial and mammalian mutagenicity studies using carbamazepine 
produced negative results. The significance of these findings relative to the use of 
carbamazepine in humans is, at present, unknown. 

Pregnancy Category C: Tegretol has been shown to have adverse effects in repro- 
duction studies in rats when given orally in dosages 10-25 times the maximum human 
daily dosage of 1200 mg. In rat teratology studies, 2 of 135 offspring showec kinked ribs 
at 250 mg/kg and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate, 
1; talipes, 1; anophthalmos, 2). In reproduction studies in rats, nursing offspring demon- 





strated a ack of weight E ireki an unkempt appearance at a maternal dosage level of 
200'mg/#g. 

. There are no adequate and well-controlled studies in predkiant women. Tegretol 
should beusectduring gregaancy only if the potential benefit justifies the potential risk to 
the fetus 

itis important to rote thatanticonvulsant drugs should not be discontinued in patients 
in whom te dmg is administered to prevent major seizures because of the strong pos- 
sibility of »recipstating status epilepticus with attendant hypoxia and threat to life. In 
individuatcases where the severity and frequency of the seizure disorder are such that 
removal c medication does not pose a serious threat to the patient, discontinuation of 
the drug may be comsiderediprior to and during pregnancy, although it cannot be said 
with-any confidence-that even minor seizures do not pose some hazard to the develop- 
ing embryo or fetus. 

Labor ard Delivers: The effect of Tegretol on human labor and delivery is unknown. 
Nursing Mothers: Durng lactation, concentration of Tegretol in milk is approximately 
60% of the maternal 5lasma concentration. 

Because of the potential fer serious adverse reactions in nursing infants from carba- 
mazepine- a désisior shoulc be made whether to discontinue nursing or to discontinue 
the drug, Skinginto account the importance of the drug to the mother. 

PediatricUse- Safety and effectiveness in children below the age of 6 years have not 
been estaalish=d. 

ADVERSE REACTIONS 

I! adverse-eactipns are of such severity that the drug must be discontinued, the phy- 
scian must beware that abrupt discontinuation of any anticonvulsant drug in a 
responsive epileptic patient may lead to seizures or even status epilepticus with its 
life-threatening hazards 

The most severe adverse :eactions have been observed in the hemopoietic system 
(see boxes WANING), the skin, and the cardiovascular system. 

The most frequently observed adverse reactions, particularly during the initial phases 
of therapy-are dizzinessdrowsiness, unsteadiness, nausea, and vomiting. To mini- 
mize'the possibility of such reactions, therapy should be initiated at the low dosage 
recommer-ed. 

The follewing additonal acverse reactions have been reported: 
Hemopoiesc System Aplastic anemia, agranulocytosis, thrombocytopenia, leukope- 
nia, leukoeytoszs. eosinophilia. 

Skirt Prurac and erythematous rashes, urticaria, toxic epidermal necrolysis (Lyell's 
syndrome- (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS), photo- 
sensitivity veactions, alterations in skin pigmentation, exfoliative dermatitis, erythema 
multiformeanc@modosum purpura, aggravation of disseminated lupus erythematosus, 
alopecia, and Guaphoresis. In certain cases, discontinuation of therapy may be 
necessary 

Cardiovascular System: Congestive heart failure, edema, aggravation of hypertension, 
hypotensicn, symcope and collapse, aggravation of coronary artery disease, arrhyth- 
mias-and AV bloek, pr mary thrombophlebitis, recurrence of thrombophlebitis, and 
adenopathy or lymphadenopathy. 

Some oftthes={cardiovascular complications have resulted in fatalities. Myocardial 
infarction Fas been associated with other tricyclic compounds. 

Liver: Abnermaiises im liver function tests, cholestatic and hepatocellular jaundice, 
hepatitis. 

Respiratory System: Pulmonary hypersensitivity characterized by fever, dyspnea, 
pneumonits orpmeumona. 

Genitourinary System: Urinary frequency, acute urinary retention, oliguria with elevated 
biood pressure ezotemia renal failure, and impotence. Albuminuria, glycosuria, ele- 
vated BUNand microscopic ceposits in the urine have also been reported. 

Testicule atrophy occurrec in rats receiving Tegretol orally from 4 to 52 weeks at dos- 
age levels sf 500 40€ mg/kg/day. Additionally, rats receiving Tegretol in the diet for two 
years at dcsage 'evel& of 25, 75, and 250 mg/kg/day had a dose-related incidence of 
testicular asroplw-anc-aspermatogenesis. In dogs. it produced a brownish discoloration, 
presumabl- a metabolite. in the urinary bladder at dosage levels of 50 mg/kg and 
higher. Relevance of these findings to humans is unknown. 

Nervous System ‘Dizziness, drowsiness, disturbances of coordination, confusion, 
headache, :atigue, blurred vision, visual hallucinations, transient diplopia, oculomotor 
disturbances, nystagmus; speech disturbances, abnormal involuntary movements, 
peripheral »eur'is anc paresthesias, depression with agitation, talkativeness, tinnitus, 
and hyperzcusis. 

There have been resorts of associated paralysis and other symptoms of cerebral arte- 
rial insufficsency. but the exact relationship of these reactions to the drug has not been 
establishec 
Digestive System: Nausea, vemiting, gastric distress and abdominal pain, diarrhea, 
constipation, anorexia. and dryness of the bile nh and pharynx, including glossitis and 
stomatitis. 

Eyes: Scatterec. punctate. cortical lens bosco as well as conjunctivitis have been 
reported. Although a c rect causal relationship has not been established, many pheno- 
thiazines and reisted drugs have been shown to cause eye changes. 
Musculoskeletal Systam: Aching joints and muscles, and leg cramps. 

Metabolism- Fewer and chills. inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has »eemæported 

DRUG ABUSE XND DEPENDENCE 

No evidence of abuse potentiel has been associated with Tegretol, nor is there evidence 
of psycholomica! c7 physical dependence in humans. 

OVERDOSAGE 

Acute Tox:city 

Lowest known lethal dese: adults, >60 g (39-year-old man). Highest known doses 
survived: aqults 2D g (31-year-old woman); children, 10 g (6-year-old boy); small chil- 
dren, 5 g (3syear-ald gr). 

Oral LDscin ammals (mg/kg): mice, 1100-3750; rats, 3850-4025; rabbits, 1500-2680; 
guinea pigs-92C. 

Signs and Symptoms 

The first siges and symptoms appear after 1-3 hours. Neuromuscular disturbances are 
the most premineat. Cardievascular disorders are generally milder, and severe cardiac 
complicatioes occur only wher very high doses (>60 g) have been ingested. 
Respiration Irregular breathing, respiratory depression. 

Cardiovascalar System: Tachycardia, hypotension or hypertension, shock, conduction 
disorders. 

Nervous Systennend Muscles: Impairment of consciousness ranging in severity to 
deep coma. Zorvlsicns, especially in small children. Motor restlessness, muscular 
twitching, tremor. athetoid movements, opisthotonos, ataxia, drowsiness, dizziness, my- 
driasis. nystagmus, aciadechokinesia, ballism, psychomotor disturbances, dysmetria. 
initial hyper=fiexia, followed by hyporeflexia. 

Gastrointes»nal Tact: Nausea. vomiting. 

Kidneys anc Blauer: Anuriaer oliguria, urinary retention. 
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Laboratory Findings: Isolated instances of overdosage have included leukocytosis, 
reduced leukocyte count, glycosuria and acetonuria. EEG may show dysrhythmias. 
Combined Poisoning: When alcohol, tricyclic antidepressants, barbiturates or hydan- 
toins are taken at the same time, the signs and symptoms of acute poisoning with 
Tegretol may be aggravated or modified. 

Treatment 

The prognosis in cases of severe poisoning is critically dependent uponprompt elimina- 
tion of the drug, which may be achieved by inducing vomiting, irrigating the stomach, 
and by taking appropriate steps to diminish absorption. If these measures cannot be 
implemented without risk on the spot, the patient should be transferred at once to a hos- 
pital, while ensuring that vital functions are safeguarded. There is no specific antidote. 
Elimination of the Drug: Induction of vomiting. 

Gastric lavage. Even when more than 4 hours have elapsed following ingestion of the 
drug, the stomach should be repeatedly irrigated, especially if the patient has also con- 
sumed alcohol. 

Measures to Reduce Absorption: Activated charcoal, laxatives. 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with renal failure. Replace- 
ment transfusion is indicated in severe poisoning in small children. 

Respiratory Depression: Keep the airways free; resort, if necessary, to endotracheal 
intubation, artificial respiration, and administration of oxygen. 

Hypotension, Shock: Keep the patient's legs raised and administer a plasma expander. 
If blood pressure fails to rise despite measures taken to increase plasma volume, use of 
vasoactive substances should be considered. 

Convulsions: Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension, and coma. However, barbiturates should not be used if drugs 
that inhibit monoamine oxidase have also been taken by the patient either in overdos- 
age or in recent therapy (within one week). 

Surveillance: Respiration, cardiac function (ECG monitoring), blood pressure, body 
temperature, pupillary reflexes, and kidney and bladder function should 5e monitored 
for several days. 

Treatment of Blood Count Abnormalities: If evidence of bone marrow depression de- 
velops, the following recommendations are suggested: (1) stop the drug, (2) perform 
daily CBC, platelet and reticulocyte counts, (3) do a bone marrow aspiration and tre- 
phine biopsy immediately and repeat with sufficient frequency to monitor recovery. 

Special periodic studies might be helpful as follows: (1) white cell and platelet anti- 
bodies, (2) 59Fe—ferrokinetic studies, (3) peripheral blood cell typing, (4) cytogenetic 
studies on marrow and peripheral blood, (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for A; and F hemoglobin, and (7) serum 
folic acid and B,» levels. 

A fully developed aplastic anemia will require appropriate, intensive monitoring and 
therapy. for which specialized consultation should be sought. 

DOSAGE AND ADMINISTRATION 

Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS Laboratory Tests). Dosage should be adjusted to theneeds of the 
individual patient. A low initial daily dosage with a gradual increase is advised. As soon 
as adequate control is achieved, the dosage may be reduced very gradually to the mini- 
mum effective leve!. Tablets should be taken with meals. 

Epilepsy (see INDICATIONS AND USAGE). 

Adults and children over 12 years of age—Initial: 200 mg b.i.d. Increase at weekly 
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Cardiovascular-Reflex Testing and Single-Fiber 
Electromyography in Botulism 


A Longitudinal Study 


Giuseppe Vita, MD; Paolo Girlanda, MD; Rosa Maria Puglisi, MD; Luciana Marabello, MD; Corrado Messina, MD 


e Four patients with botulism were 
studied on admission and at different 
times after intoxication, using a battery of 
cardiovascular autonomic tests. The 
results were compared with clinical status 
and single-fiber electromyographic find- 
ings. In the early stage of intoxication, the 
control of heart-rate and blood-pressure 
responsivity was markedly impaired, as 
was the neuromuscular transmission. At 
follow-up, results of sympathetic tests 
normalized earlier than those of parasym- 
pathetic tests. The recovery of autonomic 
function was slower than that of neuro- 
muscular transmission in three patients. 
Monitoring autonomic derangement in 
botulism adds further information on the 
course of the disease and may identify 
patients at risk for cardiac or respiratory 
arrest. Further clinical investigation can 
help in determining more precisely the 
autonomic sites where the toxin acts. 

(Arch Neurol 1987;44:202-206) 


Autonomic nervous system (ANS) 

disturbances are the rule in botu- 
lism, together with the frequently 
more severe neuromuscular impair- 
ment. However, sometimes ANS dys- 
function may be predominant’ or even 
occur as the only clinical manifesta- 
tion. Urine retention, constipation, 
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impairment of lacrimation and saliva 
production, pupillary anomalies, and 
dysphagia are common symptoms. 
The heart rate is usually slow at the 
beginning of the disease but becomes 
more rapid after a few days.’ Ortho- 
static hypotension has been reported 
as well as sudden death secondary to 
respiratory er cardiac arrest.^ 

Despite its great clinical impor- 
tance, quantitative assessment of 
autonomic disturbances in botulism is 
often not considered. Simple, objec- 
tive, and noninvasive tests are now 
available to assess the damage of 
autonomic control of the cardiovascu- 
lar system. We therefore studied 
autonomic function in four patients 
with botulism using six different tests 
of cardiovascular reflexes. These tests 
were repeated at different times after 
intoxication, and the results were 
compared with those of single-fiber 
electromyography (SFEMG), which 
has recently been reported to be a 
very sensitive method for studying 
neuromuscular transmission in botu- 
lism and in monitoring the course of 
the disease. The four cases are 
reported herein. 


REPORT OF CASES 


Case 1.—A 14-year-old girl presented to 
the hospital, complaining of blurred vision 
and mild dysphagia for three days. On 
questioning, she mentioned the ingestion 
of a few slices of grilled peppers from a 
home-canned preparation six days before. 
On neurologic examination, she had mydri- 
asis without reflex response to light and 
accommodation. Swallowing dry food was 
disturbed, and there was dysphonia. Her 
skin and mouth were dry. The remaining 


findings of the neurologic examination 
were normal. In the next few days, the 
patient’s condition improved slightly. 

Conventional electromyographic tests 
were performed ten days after intoxica- 
tion. Compound muscle action potential 
(MAP) recorded with surface electrodes 
from hypothenar muscles was 7.5 mV in 
amplitude. At 3-Hz stimulation, no signifi- 
cative change was noted, but at 20 Hz an 
increment of 13% of MAP amplitude com- 
pared with the first response was 
observed. 

On the 30th day after ingestion of con- 
taminated food, she complained only of 
very mild generalized weakness and slight 
disturbance of near vision. Her pupils 
showed a moderately delayed response to 
light. At further follow-up (50, 70, and 130 
days after intoxication), she said she felt 
normal. 

CASES 2 and 3.—The 17-year-old and 22- 
year-old brothers of patient 1 consumed 
some of the peppers from the same can. 
They were admitted to the hospital six 
days after ingestion ef cortaminated food; 
both exhibited mild mydriasis with 
delayed responses to light and conver- 
gence. Skin and mouth were dry in each 
patient. Patient 2 also had slight diplopia 
in the lateral gaze and dysphagia. A few 
days later, they started to improve. 

Electrophysiologic investigation re- 
vealed an MAP amplitude of 15.5 and 16 
mV in cases 2 and 3, respectively, as evoked 
by a single supramaximal stimulation of 
the ulnar nerve. The MAP amplitude slow- 
ly increased on stimulation at 5 to 10 Hz 
and more evidently at 20 Hz. The maximal 
increase of the MAP amplitude at low 
rates was 24% in case 2 and 12% in case 3, 
and at fast rates it was 37% and 35%, 
respectively. 

When examined 30 and 50 days after 
exposure to the toxin, both patients still 
referred to slight disturbance of near 
vision. Results of neurologic examinations 
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Parasympathetic Tests 
Se aame 


AHR 
SD o on Deep 
F-R Breathing, 
Interval, Beats / 
min Ratio 


Contrcis (n = 65) 
Rance 8-134 
Mean 3& 
SD 18 


1.58 
0.29 


Valsalva's 
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Sympathetic Tests 
I ——————————————— 
Change in 
Diastolic 
BP on 
Sustained 
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mm Hg 


Change in 96 
Systolic Change 
BP on in Mean 
Standing, BP on 
Standing 


30:15 
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1.22 12 12 
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Potential 
Pairs Mean Jitter 
With Value, 
Blockings ps 


Potential 

Pairs With 

Abnormal 
Jitter 


Fiber 
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* Sincetke autonome function can change with age, the values obtained in each patient were compared with age-adjusted normal data." HR indicates heart rate; BP, 
blood pressure; and S=EMG, single-fiber electromyography. 


were normal. At investigations 70 and 130 
days after mtoxicatien, they did not com- 
plain of any symptoms. 

Case 4—A 60-year-old woman presented 
with nausea, vomiting, constipation, and 
blurred vision starting two days after 
ingestion of homemade raw sausage. On 
the patient's admssion to the hospital ten 
days after ingestion of the poisoned food, 
neurologic examination showed unreactive 
mydriasis, extrinsic ephthalmoplegia with 
ptosis, bilateral facial paresis, dysphagia, 
and dysnhonia. Ske was unable to protrude 
her tongue, and there was weakness of 
trunk amd proximal imb muscles. Electro- 
myograohie study showed a basal MAP of 
5 mV m amplitede and an incremental 
response at 10- and 20-Hz stimulation, 
which reached 50% at fast rates. 

Recovery of mo«or function began by the 
tenth day. She cemplained only of slight 
disturbance of near vision and in swallow- 
ing 100 days after intoxication. After 230 
days, sheveas completely normal. This case 
has bee previously reported.‘ 

The memains o: the peppers (cases 1, 2, 
and 3) amcdof the sausage (case 4) had been 
discards, so that microbiologic studies 
could met be dose. No botulinium toxin 
could be-etected n the serum of any of the 
patients. 


METHODS 
Autonomic investigations 


: R-R mterval variation test, deep breath- 
ing, Velsaiva’s maneuver, and heart-rate 
(HR) response te standing test the para- 
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sympathetic nervous system pathways, 
whereas blood-pressure (BP) response to 
standing and sustained handgrip allow the 
assessment of sympathetic nervous system 
activity. Age-adjusted normal ranges have 
been detailed in an earlier report.’ 


R-R Interval Variation 


After the patient had 30 minutes of 
supine rest, an electrocardiogram was 
recorded during quiet breathing using a 
standard apparatus at a paper speed of 50 
mm/s. During the test, the patient was 
recumbent and completely undisturbed. 
The lengths in millimeters of at least 200 
consecutive R-R intervals were measured. 
The SD of the mean R-R interval was 
calculated and expressed in milliseconds.* 


Deep Breathing 


The patient was instructed to breathe 
deeply at a rate of six breaths per minute 
while sitting. After a rest period of five 
minutes, HR was monitored continuously 
on a standard electrocardiogram, at a 
paper speed of 50 mm/s for at least one 
minute. The HR change (AHR) with 
breathing was then expressed as the mean 
of the differences between the maximal 
and minimal HR in six cycles.? 


Valsalva's Maneuver 


The patient, sitting quietly, was asked to 
maintain an expiratory pressure of 40 mm 
Hg for 10 s by blowing through a mouth- 
piece attached to an aneroid manometer. 


Electrocardiography was continuously re- 
corded during the maneuver and for 30 s 
after release of pressure. Valsalva's ratio 
was calculated as the ratio of the longest 
R-R interval after the maneuver to the 
shortest R-R interval during the maneu- 
ver. Each patient performed three tests, 
separated by a rest peried of at least two 
minutes, and the highest ratio was ac- 
cepted.'? 


BP and HR Response to Standing 


After each patient lay supine for 15 
minutes, the BP was recerded twice with a 
standard arm sphygmemanemeter. The 
patient then was asked te stand within 3 to 
4 s and to remain motionless for two 
minutes. During this time, BP was re- 
corded at 30-s intervals. Postural hypoten- 
sion was defined as a fall in systolic BP of 
30 mm Hg or more immediately after the 
patient stands up.* The change in mean BP 
60 s after standing wes expressed as a 
function of resting mean BP. 

Heart rate was continuously monitored 
during and after stand. ng at a 50-mm/s 
chart speed. The 30:15 ratio was calculated 
as the ratio of the R-R nterval at beat 30 
after standing to the R-R interval at beat 
15 after standing. The test was repeated 
twice, and the highest 3):15 ratio obtained 
was accepted." 


Sustained Handgrip 


The patients were asxed to exert maxi- 
mal voluntary contraction on a handgrip 
dynamometer using the dominant arm. 
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Temporal relationship of results in autonomic tests and single-fiber electromyography (SFEMG) in four patients with 
botulism. Patient 4 was not able to perform Valsalva’s mansuver and sustained handgrip at ten days after intoxication 
(asterisks). HR indicates heart rate; BP, blood pressure; and bars, presence of abnormal results. 


Handgrip was then maintained at 30% of 
maximum voluntary contraction for five 
minutes (or at least three minutes). Blood 


_ pressure was measured in the nonexercis- 


ing arm at rest and at 60-s intervals during 
the test. The highest increase in diastolic 
BP (when the Korotkow sound becomes 
muffled) was considered.’ 


SFEMG Investigation 


Single-fiber electromyography was per- 
formed in the common extensor muscle of 
digits during voluntary activation accord- 
ing to the methods described by Stalberg 
and Ekstedt." Measurements of jitter and 
blockings were carried out by computer 
system making use of an electromyo- 
graph, BASIS EPM (OTE BIOMEDICA), 
and dedicated software. Jitter was 
expressed as the mean value of consecutive 
differences. Fiber density was also calcu- 
lated. Room temperature during the 
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recordings was kept between 20° and 24°C. 
We compared our results to normal data 
reported by Stalberg and Trontelj.” 
RESULTS 

The individual results of autonomic 
function tests and of SFEMG study 
are shown in the Table. On the first 
investigation ten days after botuli- 
num intoxication, all four patients 
revealed a dysfunction of autonomic 
control of the cardiovascular system, 
as indicated by abnormal response in 
all the tests according to age-adjusted 
normal ranges. Patient 4, who was the 
most severely intoxicated patient in 
our study, had orthostatic hypoten- 
sion, with a fall in the systolic BP of 
40 mm Hg and had to return quickly 
to a head-down position. She was also 
unable to perform effort-dependent 


tests such as Valsalva's maneuver and 
sustained handgrip, because of the 
marked muscle weakness. An in- 
creased occurrence of potential pairs 
with abnormal jitter above 55 us 
ranged from 44% to 60% in the differ- 
ent cases, and the mean jitter value 
ranged from 72 to 217 us. Some of the 
potential pairs with abnormal jitter 
showed blockings ranging in the four 
patients from 10% to 33%. Fiber den- 
sity appeared normai in all cases. 

On follow-up, a progressive im- 
provement of autonomic function as 
well as of the neuromuscular trans- 
mission was noted depending on the 
time after initial intoxication (Fig- 
ure). Patient 2 showed normal results 
of all investigations when examined 
70 days after exposure to the toxin. At 
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that time, patients 1 and 3 had normal 
results T the SFMG study and in all 
the autonomie tests but one; Valsal- 
va'srat:c ir ease 1 and HR response to 
deep breathing ia case 3 normalized at 
the nex: time of study, 130 days after 
intoxicetion. In ease 4, the recovery of 
autenemic function was also delayed 
compared with tnat of neuromuscular 
tramsmission but at a higher degree. 
At 100 days after exposure to the 
toxin, SFEMG was completely nor- 
mal whereas results of two of the four 
parasympathetie tests and one of the 
two-sympathetie tests appeared to be 
still impaired. The results of these 
tests returned t normal at the suc- 
cessive time of follow-up, 230 days 
after irtoxicaticn. 
COMMENT 


Botuinum toxin has a potent effect 
in »slecking acetylcholine release at 
presynaptic level. Its prevalent action 
has beer demonstrated in the skeletal 
neuromuseular junction, but in the 
ANS it 5iecks ganglionic nerve end- 
ings, pestganglionic parasympathetic 
nerve endings, and those postgangli- 
onie sympathetic nerve endings at 
whieh acefylchcline is the transmit- 
ter.*” Recently, its effect appeared 
wider -han formerly thought, as a 
purfiec botulinum neurotoxin has 
been repor:ed tc have a partial antag- 
onist zetion or motor response in 
some adrenerge and nonadrenergic 
atrepime-resistant autonomic neuro- 
muscular sites.” However, the selec- 
tivizy ef botulinum toxin activity in 
vitro is a dose-dependent phenome- 
nor. A= iow doses, it blocks only cho- 
linergie transmission and preferen- 
tially moter emd-plates, but at high 
doses t may »lock other types of 
transmission.’ 

Cur 3atients showed impairment of 
ANS zs well as of neuromuscular 
traasmission. Cardiovascular-reflex 
tests revealed moderate to severe 
abnormalities cf control of HR and 
BP These resu ts appeared to corre- 
late fa. my well with SFEMG findings 
anc climica! sta-us. From the present 
study, it is Impossible to determine 
exactly the site of the cardiovascular 
autonomic dys unction, ie, whether 
the lesan was ia the afferent or in the 
efferent pathwey of reflex arc. How- 
ever, 2 functicnal blockade on the 
efferent side in the parasympathetic 
nervous system appears to be more 
likely, in eonsieeration of the preva- 
lent sites of accion of botulinum tox- 
in. 

a reie of tae physiologic changes 
thet take place during the two BP- 
based ests usec to assess the function 
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of the sympathetic nervous system 
may help to clarify the possible 
derangements that can occur in botu- 
lism. On standing, there is an immedi- 
ate pooling of blood in the legs and a 
fall in BP, which is quickly compen- 
sated for by tachycardia and periph- 
eral vasoconstriction.? Such a re- 
sponse is finally mediated by postgan- 
glionic adrenergic impulses. Similar- 
ly, sustained muscle contraction 
causes a rise in systolic and diastolic 
BP, by an HR-dependent rise in cardi- 
ac output and an increase in systemic 
vascular resistance.” This is due to a 
combination of vagal withdrawal and 
sympathetic stimulation. In botulism, 
impaired BP responses to both stand- 
ing and sustained handgrip may be 
related mostly to action of toxin on 
acetylcholine release at preganglionic 
level. Indeed, there is physiologic and 
postmortem evidence that degenera- 
tion of cell bodies of preganglionic 
sympathetic nerves in the intermedio- 
lateral column of the dorsal spinal 
cord is responsible for the orthostatic 
hypotension in Shy-Drager syn- 
drome.?'? However, a partial effect of 
the toxin on adrenergic postganglion- 
ic level cannot be completely ex- 
cluded. 

From a practical point of view, the 
consequence of a derangement of car- 
diovascular reflex control should not 
be underestimated. Studies of diabet- 
ics with abnormal cardiovascular 
reflexes have revealed a poor progno- 
sis with unexplained cardiorespirato- 
ry arrests? and the importance of 
ANS damage in sudden mortality as- 
sociated with chronic alcoholism and 
with syringomyelia has been report- 
ed.?^ Normal responses to hypoxia 
and hypercapnia are largely mediated 
by the ANS,” and acetylcholine is 
believed to be an important mediator 
involved in the central control of 
respiratory activity." Since sudden 
death secondary to respiratory or car- 
diac arrest has been reported in botu- 
lism, abnormal autonomic reflexes 
may play a major role in such events. 
Our study shows that ANS dysfunc- 
tion can be easily and objectively 
monitored in botulism, giving the 
opportunity to select patients at risk 
for sudden cardiovascular and respi- 
ratory complications. 

Monitoring the course of the disease 
by ANS testing allowed us to notice 
that results of sympathetic tests 
became normal earlier than those of 
parasympathetic tests did in three out 
of the four patients. The likely expla- 
nation for this difference in the rate 
of recovery is the primary effect that 
the toxin has on cholinergic synapses. 





When we compared recovery of auto- 
nomic function with that of neuro- 
muscular transmission, a slower 
recovery of ANS function was found 
in one patient. À similar pattern was 
also observed in two other patients, 
who displayed an abnormality in one 
of the autonomic tests at a time when 
SFEMG had returned to normal. A 
slow recovery of ANS function has 
been reported in some patients with 
botulism B tested for lacrimal secre- 
tion.? The authors suggested that such 
impairment, which was detectable for 
months, might be the consequence of 
time-consuming regeneration phe- 
nomena at the autonomic transmis- 
sion sites, since recovery from muscle 
paralysis and atrophy following 
administration of botulism toxin is 
mediated by the sprouting of motor 
nerve terminals and the formation of 
new end-plates.*” Although morpho- 
logic studies have not been performed 
in the cholinergic autonomic sites, a 
different rate of the regeneration phe- 
nomena in the ANS and the neuro- 
muscular system may provide an 
explanation for the difference in time 
of clinical recovery in our patients. 
Another hypothesis might concern 
the debated effect of botulinum toxin 
on synaptic transmission in the cen- 
tral nervous system. Evidence has 
been provided that the toxin can cross 
the blood-brain barrier? and can spe- 
cifically bind to brain cholinergic sy- 
napses and depress acetylcholine 
release and indirectly its synthesis.” 
The toxin appeared also able to inhibit 
the depolarization-induced release of 
other neurotransmitters from mam- 
malian brain and spinal cord.!'*? It is 
known that, unlike in the peripheral 
nerves, any recovery that follows 
damage to the central nervous system 
is due more to the reorganization of 
surviving neuronal circuitry than to 
axonal regeneration.? A slow rate of 
such reorganization might account for 
the delayed recovery of reflex auto- 
nomic function in our patients com- 
pared with that of neuromuscular 
transmission. 
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DALLAS/FORT WORTH 


MIDAS REX INSTITUTE 
HANDS-ON WORKSHOPS 


"Modern Dissection Techniques Of Bone, Bioplastics and Biometals" 
Neurosurgical Symposium (NEURO 700) 


Februar» 9-10-11 - 26-27-28 
Marc^ 23-24-25 
April $-;-8 


WORKSNOPS: 


May 7-8-9 + 27-28-29 
June 29-30-Jul. 1 
July 20-21-22 


dens, Van Zandt Cottage, Trinity Park, Botanic Gardens and the 


The work=naps w |! emphasize a series of structured exercises, 
utilizing appreprate animal bones, skeletal bones, bioplastics 
and biomete's fer dissection in cranium and spine. Methyl- 
methacrviate ane biometals as they relate to neurosurgery will 
also be considered 


The Midas Sex 4amds-On 
Workshons will be held each 
day from /ODarmo 1:00 pm 
at the pæmane t instruc- 
tional facility, 390! Race 
Street, Fort Wertr The after- 
noons anc ewenimgsare free ' 
to enjoy some œ the many 
activities mat For Werth has 
to offer such as: 
ATTRACTIONS —-ort Worth 
Zoologica Park, Stockyards, 
Kimbell Set Museum, Amon 
Carter Museum, Fort Worth 
Museum of Scxerce and 
History, Loe Ca»in Village, 
Fort Worth Japenese Gar- 
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Fort Worth Water Garden, Six Flags Over Texas. In Dallas enjoy 
the Old City Park, John F. Kennedy Memorial Plaza, professional 
sports with the Dallas Cowboys and the Texas Rangers. 

SHOPPING Visit the restored Sundance Square downtown, the 
stockyards which specialize in Western wear and local malls. 


DINING —There are many fine 
restaurants to choose from 
in the Fort Worth area. Sev- 
eral restaurants are located 
near the siockyards. 


ENROLLMENT: 


Ze} Send letter and check pay- 
Aii able to "Dallas/Fort Worth 
ase Symposium.’ Surgeon- 

ae” US $965.00; Resident- 

wee US $585.00 (with letter from 

IE Department Head); OR/ 

ma Tech/Ass't.-US $250.00. Mail 

* to: Midas Rex Institute, 3001 


Race St., Fort Worth, TX 76111 
Phone: (800) 433-7639, In 
Texas: (817) 831-2604 


"Modern Dissection Techniques Of Bone, Biometals and Bioplastics" 


(ORTHO/NEURO 700) (Separate Hands-On Sessions) 


An Interdisciplinary Symposium for Neurosurgeons and Orthopaedic Surgeons 


co-sponsored by the 


UNIVERSITY OF WASHINGTON SCHOOL OF MEDICINE 
Department of Orthopaedic Surgery 
Department of Neurological Surgery 


and 


MIDAS REX INSTITUTE 


CoursesDirectors: William L. Lanzer, M.D.; H. Richard Winn, M.D.; Ralph Dacy, M.D.; Robert Murray, Ph.D.; Susan Mitchell, Ed.D. 


SYMPOSIUM FORMAT 
CREDITS: C.M.E. Credit Available 





WORKSHOPS: 
The “ices Fx Hands-On Workshop will be held each day from 





7:30 am to 1:30 pm. The workshop will emphasize a series of 
hancs-en exercises, utilizing appropriate animal bones, skeletal 
bones. wop astics and biometals. 


ORT-OBAEL"C SURGEONS dissection in small bones, large bones, 
spines, Sinf replacement, revision surgery, methylmethacrylate, 
polyeyiene and biometals, including broken stem extraction. 
NEU*SOSUR'SEONS intensive dissection skills for bonework of 
the cranium and spine, including attention to bioplastics and bio- 
metals applicable to neurosurgery. 


ACCOMMODATIONS: 


Red Lion - Seatac, 18740 Pacific Highway South, Seattle, Wash- 
ington 98188. Phone: (206) 246-8600 


ENROLLMENT: 

Send letter and check payable to “Seattle Symposium.” Surgeon— 
US $965.00; Resident—US $585.00 (with letter from Department 
Head); OR/Tech/Ass't.—US $250.00. Mail to: 


Midas Rex Institute, 3001 Race Street, Fort Worth, TX 76111, 
(800) 433-7639, In Texas: (817) 831-2604 
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PHOENIX 
February 23-24-25, 1987 


A Neurosurgical Symposium 


“Modern Dissection Techniques of Bone, 
Biometals and Bioplastics” 
A Neurosurgical Symposium 
(NEURO 700) 
co-sponsored by 


BARROW NEUROLOGICAL INSTITUTE 
ST. JOSEPH’S HOSPITAL AND MEDICAL CENTER 
and 
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MIDAS REX INSTITUTE 
Course Directors: Robert F. Spetzler, M.D.; L. Philip Carter, M.D.; James DeBoer, Ph.D.; 


Susan Mitchell, Ed.D. 


SYMPOSIUM FORMAT 





WORKSHOPS: The Midas Rex Hands-On Workshop will be held each day from 7:30 am to 1:30 pm. 

The workshop will emphasize a series of hands-on exercises, utilizing appropriate animal bones, 

skeletal bones, bioplastics and biometals for dissection in the cranium and spine. Methylmethacrylate, 

and biometals, as they are related to neurosurgery will also be considered. Distinguished guest lecturers will 
make presentations and video tapes will be available. 


ACCOMMODATIONS: Red Lion's LaPosada Resort Hotel, 4949 E. Lincoln Drive, Scottsdale, Arizona 85253. 





Phone: (602) 952-0420. 


ENROLLMENT: Send letter & check payable to "Phoenix Symposium? Surgeon-US $965.00; Resident- 
US $585.00 (with letter from Department Head); OR/Tech/Ass't.-US $250.00. Write to: 


Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 75111, 
Phone: (800) 433-7639, In Texas: (817) 831-2604. 


CEREBROVASCULAR 
DISEASE SPECIALIST 


Tenure-track position available in the 
Department of Neurology at the Uni- 
versity of Kentucky for a BC/BE 
neurologist with a strong interest and 
background in clinical aspects of cere- 
brovascular disease. Opportunity to 
participate as a co-investigator in a 
series of funded cooperative clinical 
trials. Many dimensions of basic and 
clinical science collaboration possi- 
ble. 


Send CV and three letters of refer- 
ence to: 

Michael P. McQuillen, M.D. 
Chairman Designate 
Department of Neurology 
University of Kentucky 
Lexington, KY 40536 


An equal opportunity /affirmative ac- 
tion employer. 


NEUROLOGIST 


BC with special interest in evaluat- 
ing head & spine trauma. Must be 
proficient in EEG, EMG, NCV, SEP, 
CT & MRI. BEAM diagnostic lab in 
office, will provide training. Lo- 
cated in greater Los Angeles. Cali- 
fornia license required. University 
affiliation available. 


Please send CV and names of 3 
References to: 


Marshall J. Handleman, M.D., 
Medical Director 
Neurological Diagnostic Institute 
of Southern California 
West Hills Plaza—7230 Medical 
Center Drive Ste. 601 
Canoga Park, California 91307 


CREDITS: 
C.M.E. 
Credit 
Available 





The Department of Neurology of 
Loyola University of Chicago has a 
fellowship available in clinical neu- 
rophysiology. The candidate should 
be board eligible in Neurology. The 
fellow will acquire experience in 
electroencephalography, evoked 
potentials and brain mapping, and 
will participate in ongoing research 
in the field of clinical neurophysiol- 
ogy. The University is an equal 
opportunity affirmative action em- 


ployer. 


Send CV to: 

G. G. Celesia, M.D., Chairman 
Department of Neurology 
Loyola University Medical Center 
2160 S. First Avenue 
Maywood, IL 60153 
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Pregnancy-Related Primary Brain 


and Spinal Tumors 


Nico C. A. Reetvink, MD; Wouter Kamphorst, MD, PhD; 
H. August M. van Alphen, MD, PhD; B. Ramanath Rao, PhD 


e We reviewec the literature concern- 
ing primary brain and spinal tumors with 
first manifestation or acceleration of 
symptoms during pregnancy or within the 
first postpartum week and encountered 
four new cases in our center. The inci- 
dence of brain tumors that become symp- 
tomatic during pregnancy appears to be 
decreased compared with that in age- 
matched women. The relative frequency 
of the differertprimary brain tumor types 
is not changec by pregnancy. The number 
of meningiomas gradually tends to 
increase durirc pregnancy, with gliomas 
and spinal vascutar tumors accumulating 
in the first and third trimesters, respec- 
tively. Postpastum amelioration of symp- 
toms has especiaily been described for 
meningiomas anc spinal vascular tumors. 
We conclude that different types of 
tumors are influenced at different stages 
of pregnancy Although progesterone 
receptors predominate compared with 
estregen receptors, no definite causal 
relationship with progesterone has been 
established. 

(Arch Neuro. ‘987;44:209-215) 


Within a re atively short period, we 

observed four patients with first 
manifestation of symptoms of a pri- 
mary brain cr spinal tumor during 
pregnancy. This raised the question of 
whether pregnancy had influenced 
the clinical ecurse. The cases con- 
cerned one eerebellar astrocytoma, 
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two spinal astrocytomas, and one 
medulloblastoma (details are pre- 
sented in the “Report of Cases" sec- 
tion). 

The reasons for publication in the 
past of cases with first manifestation 
or acceleration of symptoms of a pri- 
mary brain or spinal tumor in preg- 
nancy were diverse. Many authors 
were intrigued by the coexistence of 
pregnancy and central nervous sys- 
tem (CNS) tumors and its possible 
implications for both the manage- 
ment of pregnancy! and tumor treat- 
ment. Others stressed the diagnostic 
pitfalls caused by the symptoms, such 
as headache, drowsiness, and vomit- 
ing, that are common to pregnancy 
and CNS tumors.’ 

Several reports suggested that 
especially meningiomas and vascular 
tumors show accelerated growth or 
become clinically apparent during 
pregnancy. On account of this, we 
formulated the following four ques- 
tions: 

1. What is the incidence of primary 
brain and spinal tumors in pregnant 
women compared with age-matched 
nonpregnant? 

2. Do these tumor types become 
symptomatic or show acceleration of 
growth during any specific trimes- 
ter? 

3. Do symptoms ameliorate after 
parturition? 

4. Is there any pattern in the distri- 
bution of steroid hormone receptors in 
various CNS tumors? 

A sufficiently large epidemiologic 
study to answer all these questions 
has not been carried out in the past, to 
our knowledge. Today, inferences 
have still to be made, mainly from 
case reports. The case reports now 
available are much more numerous 
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than at the time of the last extensive 
review of Tarnow! in 1960. From the 
literature, we collected 223 cases of 
primary brain and spinal tumors with 
first manifestation or acceleration of 
symptoms during pregnancy. 


REPORT OF CASES 


Case 1.—A 31-year-old patient started 
complaining of headache and vomiting in 
the 32nd week of her second pregnancy. In 
the 37th week, the patient beeame drowsy. 
Computed tomographic scanning showed a 
cerebellar tumor and obstructive hydro- 
cephalus. Because of her worsening condi- 
tion, cesarean section was carried out the 
next day, followed by suboccipital craniot- 
omy. The pathologie diagnosis was medul- 
loblastoma. 

Cask 2.—A 28-year-old patient com- 
plained of vomiting and headache since the 
35th week of her second pregnancy. Two 
days after an uncomplicated delivery in 
the 36th week, she developed confusion and 
diplopia. Computed tomographic scanning 
revealed a cerebellar tumor of the vermis 
with obstructive hydrocephalus. The fol- 
lowing day, she became drowsy and had 
cerebellar signs of the left arm. A ventric- 
uloperitoneal shunt was implanted. After 
improvement of the patient’s condition, 
suboccipital craniotomy was performed, 
and a cerebellar astrocytoma was diag- 
nosed. 

CasE 3.—A 28-year-old patient com- 
plained of backache and of pain spreading 
to the right buttock in the 33rd week of her 
first pregnancy. One day after delivery in 
the 37th week, a slight paraparesis and 
disturbances of micturition developed. One 
year later, with the patient experiencing 
gradually increasing symptoms, a conus 
tumor was detected and explored. On biop- 
sy, the diagnosis of astrocytoma was 
made. 

Case 4.—A 34-year-olc patient presented 
with paresthesia and stiffness in both legs 
in the 14th week of her second pregnancy. 
Within one month, paraparesis developed 
and worsened in the 37th week. Cesarean 
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section was carried out at the patient's 
insistence. After laminectomy, an intra- 
medullary tumor, extending between the 
seventh dorsal vertebra and the conus, was 
totally removed. Pathologie examination 
indicated an astrocytoma. 


REVIEW OF THE LITERATURE 


In 86 reports reviewed, there were 
223 cases with a primary brain or 
spinal tumor with first manifestation 
or acceleration of symptoms during 
pregnancy and 17 patients with initial 
symptoms in the first postpartum 
week. Metastases, hypophyseal tu- 
mors, and inflammatory disorders 
(eg, abscesses and tuberculomas) were 
excluded from our study. The reports 
were screened with reference to histo- 
logic verification and localization of 
the tumor, patient's age and month of 
gestation at the onset of symptoms, 
gravida number, and the clinical 
course. These reports were often 
incomplete regarding the above infor- 
mation. 

Pregnancy-associated primary 
brain and spinal tumors with refer- 


ence to tumor type and localization 


were reviewed from the available lit- 
erature'* and are summarized in 
Table 1. There were 119 supratento- 
rial, 76 infratentorial, and 28 spinal 
tumor cases. Table 1 shows that the 
number of reported pregnancy-associ- 
ated cases of intracranial gliomas, 62, 
nearly equals the number of pregnan- 
cy-associated cases of intracranial 
meningiomas, 57. This clearly does not 
support the opinion that especially 
meningiomas become symptomatic 
during pregnancy." The pregnancy- 
associated basal meningiomas ac- 
counted for 60% of the total of re- 
ported pregnancy-associated intra- 
cranial meningiomas (ten cases of 
Weyand's? report excluded). In the 
general population, this percentage 
was estimated to be 35%.* This was 
contrary to our expectation since the 
basal meningiomas may disturb the 
hypothalamic functions and, in turn, 
decrease fertility. Therefore, the find- 
ing that more cases of basal meningi- 
omas are associated with pregnancy 
compared with the general population 
requires further explanation. It is 
possible that basal meningiomas have 
no influence on hypothalamic func- 
tions, resulting in perturbation of fer- 
tility. Second, pregnancy-related hor- 
mones may contribute to accelerated 
tumor growth, resulting in manifesta- 
tion of the tumor during pregnancy. 
From Table 1, the impression may 
arise that a large number of pregnan- 
cy-related infratentorial tumors are 
vascular tumors (hemangioblasto- 
mas). In this consideration, the selec- 
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Tumor Type 

Meningioma 55 
Convexity 1613-13 
Hypophyseal region 151.13-22 
Sphenoid or olfactorial 
Not specified 410 


Ependymoma 


Vascular 155 


* References 1, 8, 9, 11, 13, 27, and 43-46. 
tReferences 1, 8, 10-14, 24-27, and 33-41. 


Tumor Type 


tive report of Robinson? has to be 
excluded because the report was 
restricted to six hemangioblastomas 
of the cerebellum. The number of 
pregnancy-related spinal vascular 
tumors (hemangiomas) still seems to 
be overrepresented, even if the selec- 
tive report of Newman,? dealing with 
three spinal hemangiomas, is omitted. 
The remaining 14 cases of spinal vas- 
cular tumors make up 56% of the 
reported pregnancy-associated spinal 
tumors. In the general population, 
spinal vascular tumors were estimat- 
ed to occur in between 3%% and 11%” 
of all spinal tumors. 

The estimated relative frequencies 
of primary supratentorial and infra- 
tentorial brain tumors in pregnant 
and nenpregnant women 20 to 40 
years of age are represented in Table 
2. These frequencies have been calcu- 
lated from the length of the bar 
graphs in Zülch's? report of a large 
series (N = 6000) composed of autopsy 
and biopsy material. In Zülch's report, 


Table 1.—Pregnancy-Associated Central Nervous System Tumors 


Supratentorial 


201: 14-16,23-27 


Plexus papilloma 3! 211,42 213 
0 39.1 1-13 330,53 
Cerebellar astrocytoma 0 12* 2 
Glioma 55t 71,14,47-52,54 154 


Table 2.— Distribution of Brain Tumors in Nonpregnant and Pregnant Women 
Aged 20 to 40 Years 


Nonpregnant Women?? 


Glioma 36 
Vascular 4 


Acoustic neurinoma 15 14 
Medulloblastcma 3 3 


* From referenzes 1-14, 16-57, 59-76, and 78-86. 





Tumor Site 









Infratentorial Spinal 
2 1,28 5 16,29-32 










141.10,54-61 179276 












96 of Brain Tumors 








Pregnant Women * 
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no information on pregnancy of 
patients was available; therefore, it is 
assumed that the reported cases are 
in nonpregnant women. Also in Table 
2, the calculated relative frequencies 
of pregnancy-associated tumors re- 
ported in the literature are repre- 
sented. Some publieations dealt with a 
series of pregnancy-associated tu- 
mors, with special attention to certain 
tumor types and localizations. Cases 
from these reports have been omitted 
from Table 2, as they might unduly 
bias the results. The omitted data 
concerned selective reports on 1l 
meningiomas, six cerebellar heman- 
gioblastomas,* and eight acoustic 
neurinomas.” It appears that the rela- 
tive frequency of the different types 
of brain tumors is equal in nonpre- 
gnant women and in pregnant women 
between 20 and 40 years of age. How- 
ever, it must be pointed out that both 
columns in Table 2 have been pre- 
pared without following standard cri- 
teria. 
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Premary brair and spinal tumors with first manifestation in pregnancy in relation to site (supratentorial, infratentorial, and 
spiral) and month and trimester in which they became symptomatic. 


The -epcrted primary brain and 
spinal sum»rs with first manifesta- 
tion in »regzancy have been summa- 
rized in the Figure m relation to site 
(supratentcrial  intratentorial, and 
spinal) and menth and trimester in 
which taey became symptomatic. The 
information im tae Figure was 
restricted only to reports with com- 
plete data. The number of reported 
tumors that became symptomatic 
during pregnancy appears to be larger 
in the taird trimester than in the first 
or second trimester, apparently due to 
an increase insspina vascular tumors. 
Next te this, gliomas appeared to 
accumimate in the first trimester, 


“whereas meningiomas showed a grad- 


ual numer cal increase of onset of 
symptoms in the second and third 
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trimesters of pregnancy. The anecdot- 
al accentuation of meningiomas in the 
second half of pregnancy thus seems 
to be correct.* 

Pregnancy-associated tumors re- 
lated to gravida number are given in 
Table 3. The gravida number has been 
mentioned in only 79 cases, and in the 
majority of them the information was 
obtained retrospectively. In 30 (38%) 
of the cases, symptoms occurred dur- 
ing the first pregnancy; in 15 (19%) of 
the cases, during the second pregnan- 
cy, in eight (10% ) of the cases, during 
the third pregnancy; and in nine 
(11%) of the cases, during the fourth 
pregnancy. Subsequently, the number 
of tumor cases were three or lower 
except in women with eight pregnan- 
cies, in whom five cases have been 
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reported. As most of the cases were 
compiled from the pre-family plan- 
ning era, there appears to be a 
decrease in the incidence of brain 
tumors with the increase =n the num- 
ber of pregnanc:es. The average age of 
women with such a tumor in their 
first successful pregnaney was 24 
years (median, 22 years), and in their 
second successful pregnaney the aver- 
age age had advanced to 31 years 
(median, 32.5 years) We have no 
explanation for this increzse of age in 
the second pregnancy. Inc-ease in the 
chances of natural abortion in these 
patients could be specuiated as a 
cause for this observation”! 

Table 4 summarizes the cases that 
showed postpartum amelioration of 
symptoms and the cases in which ini- 
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Tumor Type 
Meningioma 
Convexity 
Hypophyseal region 


wino |% 


Miscellaneous 


Glioma (including ependymoma) } 


œ 


Vascular 
Cerebellar 
Spinal 


O|^4|—|0Oo 


Acoustic neurinoma 


— 


Medulloblastoma 


Total 30 15 


* CNS indicates central nervous system. 












2|[2|2|w|o|o|2|o|o|x| 


Table 4.—Incidence of Postpartum Amelioration of First Manifestation of Tumor 


Postpartum First Symptoms 
Tumor Type Amelioration Post Partum (<1 wk) 

Meningioma 12 3 

Convexity 31.25 

Hypophyseal region 83.14.21 0 

Sphenoid or olfactorial 314,22,26 0 
Glioma 47,34,40 7 1,10,11,45 
Vascular 12 3 

Cerebellar 21,58 258,59 

Spinal 1061-70 190 
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Table 5.— Steroid Hormone Receptors in CNS Tumors” 


Tumor Type ER PR AR GR 


Based on =5 fmol/mg of Protein 


Meningioma?5! 14 97/330 (29) 


185/264 (70) 


8/15 (53) 12/12 (100) 


Glioma 107: ! 11,115,116 25/79 (31) 16/51 (31) 6/6 (100) 15/23 (65) 
ND 


Neurinoma 109-113 8/22 (36) 


2/5 (40) 


5/5 (100) 


Based on - 10 fmol/mg of Protein 


61/330 (19) 


Meningioma95! 14 


Glioma 07-1 11,115,116 20/79 (25) 10/51 (20) 4/6 (66) 13/23 (56) 
ND 


Neurinoma 109-113 6/22 (27) 


173/264 (66) 


1/5 (20) 


8/15 (53) 12/12 (100) 


5/5 (100) 


Based on » 100 fmol/mg of Tissue 


Meningioma 118-121 51/76 (67) 


63/67 (94) ND ND 





* CNS indicates central nervous system; ER, estrogen receptor; PR, progesterone receptor; AR, androgen 
receptor; GR, glucocorticoid receptor; and ND, not done. Results are given in number of positive results / total 


number (percent). 


tial tumor symptoms occurred in the 
first postpartum week. We restricted 
the postpartum period to one week 
because manifestation or ameliora- 
tion in the first week after confine- 
ment can probably be attributed to 
the disappearance of pregnancy-re- 
lated factors. 

Postpartum amelioration of symp- 
toms of primary brain or spinal 
tumors has been described in 30 cases, 
while in 17 cases the first symptoms 
appeared post partum. The former 
group included 12 meningiomas, 12 
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vascular tumors (one case of Robin- 
son), two acoustic neuromas, and 
only four gliomas, while the latter 
group included three meningiomas, 
seven gliomas, three vascular tumors, 
two acoustic neurinomas, and one case 
each of plexus papilloma and medullo- 
blastoma. These data indicate that 
pregnancy influences the progression 
of tumor differently in different types 
of tumors. 

Various reports dealt with cases in 
which symptoms partly or completely 
remitted after confinement and exac- 
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erbated in one or more successive 
pregnancies. These reports concerned 
mainly meningiomas?’ and vascu- 
lar tumors 9?*577^ and single case 
reports on an oligodendroglioma,* a 
cerebellar astrocytoma,’ and an 
acoustic neurinoma.” Although the 
relative frequency of meningiomas 
related to pregnancy is not increased, 
the tumor progression and manifesta- 
tion appears to imcrease along with 
the progression of pregnancy, and 
tumor symptoms may decrease after 
parturition. Furthermore, in some 
cases the tumor may exacerbate in 
successive pregnancies. However, a 
few meningiomas have been described 
with the start and amelioration of 
symptoms during the same pregnan- 
cy.'*6 This has also been described for 
an acoustic neurinoma.” 

The relative frequency of spinal 
vascular tumors (hemangiomas) 
seems to increase during pregnancy in 
the third trimester. As with meningi- 
omas, spinal vascular tumor symp- 
toms may also ameliorate after partu- 
rition. 

Interestingly, there are six cases 
mentioned in whieh tumor symptoms 
just before menstruation in- 
creased.522:2?25 Two cases were spinal 
vascular tumors (hemangiomas),"?? 
diagnosed before pregnancy, two were 
sphenoid meningiomas,” and two 
were  parahypophyseal  meningio- 
mas.^? The latter four tumors 
became symptomatic only during suc- 
cessive pregnancies. 

A decrease of tumor size after con- 
finement was documented twice 
angiographically. One report con- 
cerned an astrocytoma”; in the other 
report, no pathologic examination was 
performed.” 

The presence of steroid hormone 
receptors in CNS tumors has been 
expected, based on the suggested 
influence of pregnancy on tumor man- 
ifestation. Table 5 summarizes the 
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results ø- specific steroid receptor 
concertra-ions for estrogen, proges- 
terone, ardrogen, and glucocorticoid 
in meamngiomas,* gliomas, 9^111.115.16 
and neeriaomas.'*' Only a few anal- 
yses were derformed for androgen and 
glucocortioid receptors. In other 
tumor cypes, such as medulloblasto- 
ma,” primitive neuroectodermal tu- 
mor,'*—' 3emangioblastoma,'*!'" and 
chordema !'?'? the number of analyses 
was few for all four categories of 
receptors. 

In vzrieus reperts on steroid hor- 
mone r=captors, the minimum concen- 
tratiom present in the tumor to be 
consicered as positive for specific 
receptors differs or such information 
is not giv- n. We arbitrarily chose val- 
ues of g-eater than or equal to 5 
femtomalss per milligram of protein 
as posEi for comparing the litera- 
ture r25e-ts on this subject. This was 
necessary because of those reports 
that gzve only absolute values with- 
out lowerxliscriminatory limits. Some 
authors prefer 10 fmol/mg of protein 
or mcr» zs a threshold value, as fol- 
lowed trequently for the evaluation of 
breast cancer tissues. Some authors 
prefer -o =xpress the receptor concen- 
trations sm femtemoles per gram of 
tissue in tead of the tissue cytosol 
protem- -oncentration, which was 
being aralyzed. These reports are 
mainly cn menimgiomas!'*?' (Table 


5). 
COMMENT 


A »ep-lation-based epidemiologic 
study r=ported that the number of 
all types of cancers diagnosed during 
pregnanc* in women aged 15 to 44 
years ws less than expected com- 
pared witi that in the normal popula- 
tion. The ratio of observed (O) to 
expeccec XE) brain tumors was 0.38 
(O/E = 19/26). The authors hypothe- 
sized -hst women with subclinical 
cancers Become pregnant less often 
because cf decreased libido or that a 
disrupdea of pregnancy occurred in 
an early stage. It has been shown that 
the n:ummber of abortions in patients 
with ONS tumors is significantly 
increased in the period before the first 
tumor sins.” This partly might be 
due te hypothalamic-mediated effects 
and herrmonal factors. Alternatively, 
a temror .ry delay of primary brain or 
spina. -umor symptoms may not occur 
in pregnznt women until after partu- 
ritiom However, an increased inci- 
dence of primary brain or spinal 
tumor: it the postpartum period has 
never de-n described, to our knowl- 
edge. 

Apa-t from pregnancy, the men- 
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strual cycle can also be related to 
onset of CNS tumor symptoms, as 
described in six cases. The tumor 
symptoms were prominent during the 
postovulatory period when progester- 
one levels reach a maximum. Four 
carefully analyzed cases, ^?? showed 
that the tumor symptoms were evi- 
dent during the postovulatory period 
and that the tumors became once 
again symptomatic during late preg- 
nancy. Only in the first six weeks of 
pregnancy is the progesterone level 
equal to the postovulatory corpus 
luteum phase level? Although it 
appears that progesterone level could 
be correlated to CNS tumor symp- 
toms, the fact that the symptoms 
appeared only in late pregnancy indi- 
cates that it is unlikely that proges- 
terone alone could be assigned as a 
distinct correlative. 

There are strong evidences that 
hormonal factors play a role in the 
manifestation of tumor symptoms in 
meningiomas, gliomas, and vascular 
tumors. Hormonal influences might 
be held responsible for increase of 
tumor size, eg, by increase of blood 
volume and extracellular and intra- 
cellular fluid, and for the growth 
mediated by steroid hormones in the 
tumor. 

In meningiomas, specific steroid 
receptors, particularly progesterone 
receptors (PR), were detected more 
frequently than were estrogen recep- 
tors (ER). Three reports mentioned 
the presence of androgen receptors 
(AR)? and glucocorticoid receptors 
(GR)! as well. Receptor studies are 
based on the clinical assumption that 
particularly meningiomas would be- 
come symptomatic during pregnancy. 
Meningiomas, especially spinal me- 
ningiomas, are more frequent in 
women than in men."* Our study indi- 
cates that 60% of intracranial menin- 
giomas in pregnant women are basal 
meningiomas, and this might suggest 
that basal and spinal meningiomas 
respond to the same hormonal influ- 
ences. It can also be pointed out that 
the incidence of meningiomas seems 
to be increased in cases of breast 
cancer.?5.?6 

The number of case reports of ste- 
roid receptors in meningiomas ex- 
ceeds that of gliomas. The percentages 
of positive findings in meningiomas 
are as follows: ER, 30% (n = 330); PR, 
70% (n = 264); AR, 58% (n = 15); and 
GR, 100% (n = 12)?*'* The percent- 
ages for gliomas are as follows: ER, 
31% (n = 79); PR, 31% (n = 51); AR, 
100% (n26) and GR, 65% (n= 
23).10-111115115 This illustrates a differ- 
ent pattern for steroid receptors in 
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meningiomas and gliomas. The mean 
percentages calculated from litera- 
ture reports differ in individual 
reports. Different methods employed 
for such analyses may be one of the 
causes for divergent results. For these 
calculations, we usec only the results 
expressed in femtomoles per milli- 
gram of protein. Some investigators 
advocate expressing receptor concen- 
trations in femtomoles per gram of 
tissue.!!*' In these reports, the per- 
centages of ER and PR in meningio- 
mas are high; the greater part of the 
results was obtained with almost the 
same  method.'??' Some authors 
attempted to correlate tumor histolo- 
gy of meningiomas and receptor con- 
centrations. The percentages of posi- 
tive findings for ER were as follows: 
meningothelial, 8% (3/36); fibroblas- 
tic, 27% (6/22); syneytial, 7% (1/15); 
transitional, 13% (4/31); psammoma- 
tous, 0% (0/8). The results for PR 
were as follows: meningothelial, 87% 
(33/38); fibroblastic, 45% (9/20); syn- 
cytial, 80% (8/10); transitional, 59% 
(17/29); and psammomatous, 75% (6/ 
8). This confirms that the meningo- 
thelial type of tumor contains mostly 
PR'* and illustrates a different pat- 
tern for histologic types of meningio- 
mas. The fibroblastic type had the 
highest percentage of ER. However, 
the sample population is rather small 
to permit a definitive correlation with 
histology. The number of cases of oth- 
er CNS tumors investigated for 
steroid receptors are too few to make 
any firm conclusions. 

Cerebral edema resulting from 
brain tumors can be treated by gluco- 
corticoids; the mechanism of its action 
unknown. It is an interesting sugges- 
tion that the concentration of GR 
correlates with the vascular perme- 
ability of various brain tumors." 
Tumor cells in meningothelial menin- 
giomas show _ secretory-excretory 
properties, which could give rise to 
cerebral edema. This effect may also 
be mediated by steroid receptors.'* 

The presence of steroid receptors in 
CNS tumors might open therapeutic 
possibilities. The influence of preg- 
nancy on meningiomas, gliomas, and 
vascular tumors suggests hormonal 
sensitivity. As the frequency of glio- 
mas and meningiomas in our review 
of the literature on pregnancy and 
CNS tumor manifestation is similar, 
analysis of gliomas for steroid recep- 
tor studies is recommended. 

The following conclusions may be 
drawn from our review of the litera- 
ture. (1) The incidenee of brain tumors 
that become symptomatic during 
pregnancy seems to be decreased com- 
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pared with the incidence in nonpreg- 
nant women between 15 and 44 years 
of age.'? (2) The relative frequency of 
primary brain tumors of various types 
becoming symptomatic or showing 
accleration of symptoms in pregnant 
women is similar compared with that 
in nonpregnant women between 20 
and 40 years of age. (3) The relative 
frequency of spinal hemangiomas 
seems to be increased during pregnan- 
cy. (4) Spinal vascular tumors (hem- 
angiomas) have a tendency to become 


-= symptomatic in the third trimester of 
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pregnancy. (5) Meningiomas slightly 
increase in number during pregnancy. 
(6) Gliomas seem to become manifest 
more often in the first trimester. (7) 


Although meningiomas do not have © 


an increased incidence in pregnancy, 
they may remit post partum; also, 
vascular tumors may ameliorate after 
confinement. (8) There is an apparent 
decrease in the incidence of brain 
tumors with the increase in the num- 
ber of pregnancies. (9) Although the 
proportion of ER-positive cases are 
equally distributed in meningiomas 
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CHICAGO ©) Wu siusmcno 
HANDS-ON WORKSHOPS 
"Modern Dissection Techniques Of Bone, Bioplastics and Biometals" 


Neurosurgical Symposia (NEURO 700) 


FEBRUARY 12-13-14 APRIL 6-7-8 JUNE 4-5-6 - 15-16-17 
MARCH 2-3-4 - 16-17-18 MAY 21-22-23 JULY 13-14-15 - 30-31-Aug. 1 
















WORKSHOPS: The Workshops will emphasize a series of hands-on exercises, utilizing appropriate animal bones, skeletal bones, bioplastics and biometals for 
dissection in the cranium and spine. Methylmethacrylate and biometals as they relate to neurosurgery will also be considered. 


The Midas Rex Hands-On Workshops will be held each day from 7:00 am to 1:00 pm at the permanent instructional facility, 728 West Algonquin Road (Arlington 
Heights). The afternoons and evenings are free to enjoy some of the many activities that Chicago has to offer such as: 

MUSEUMS Chicago Academy of Sciences, Chicago Historical Society, Museum of Contemporary Art, Art Institute of Chicago, Field Museum cf Natural History. 
SIGHTSEEING—Shedd Aquarium, Adler Planetarium, Buckingham Fountain. ] [E 

PERFORMING ARTS—Chicago Symphony Orchestra, Lyric Opera of Chicago, ballet, recitals, concerts and opera. 
SPECTATOR SPORTS—White Sox in Comiskey Park, Cubs in Wrigley Field, Sting (soccer) in Chicago Stadium, Bears 
at Soldier Field, Blackhawks in Chicago Stadium, and horse racing year round. 


ENROLLMENT: Send letter and check payable to "Chicago Symposium” Surgeon— 
US $965.00; Resident—US $585.00 (with letter from Department Head); OR/Tech/Ass't.— 
US $250.00. Mail to: 


Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 76111. Phone (800) 433-7639, 
In Texas: (817) 831-2604 
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THE NATIONAL 
NEUROFIBROMATOSIS 
FOUNDATION 


announces the availability of 
RESEARCH FELLOWSHIPS 


which will provide salary support not to 
exceed $25,000 annually for periods up to 
two years. 


CALL FOR RESEARCH 


and 


AWARD 
APPLICATIONS 


— M — ÁÓ— 


NEUROSURGEO 


For ski area and fresh water 
lake region of Utah. New 
hospital, medical staff sup- 
port, coverage. Minimum 
cash collected first year 
guarantee of $100,000. 
Paid: first year office rent, 
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The Braintree Hospital 
Eighth Annual Traumatic 
Head Injury Conference 





and 


RESEARCH GRANTS 


October 14th - 16th, 1987 
Braintree, MA 





office person, offices sup- 
plies, relocation, interview 
expenses. 
Please respond in confi- 
dence to: 


which will provide up to $25,000 for one 
year for research on the cause and 
treatment of neurofibramatosis. 


SUBMISSION DEADLINE: 


APRIL 15, 1987 
Deadline for filing applications for awards 
to be activated during the 1987-1988 
academic year is April 15, 1987. 


Department AON 
P.0. Box 1916, GCS 
New York, NY 10163 








For more information, contact: 





For information or applications 
please contact: 





f | Braintree Hospital 
Public Relations Dept. 
(617) 848-5353 
extension 300, 358 


The National Neurofibromatosis 
Foundation 
141 Fifth Avenue, Ste. 7-S 
New York, NY 10010 





NEW YORK CITY MIDAS REX INSTITUTE. | 


“Modern Dissection Techniques Of Bone, Bioplastics and Biometals" 
Neurosurgical Symposia (NEURO 700) 


FESRUARY 9-10-11 ° 23-24-25 
MARCH 9-10-11 - 19-20-21 
APRIL 2-3-4 

MAY 14-15-16 

JUNE 8-9-10 : 18-19-20 

JULY 8-9-10 ° 27-28-29 


WORKSHOPS: 

The Werkshobs will emphasize a series of hands-on exercises, 
u®lizing@appropriate animal bones, skeletal bones, bioplastics 
anc b:ometals for dissection in the cranium and spine. Methyl- 
methacrylate and biometals as they relate to neurosurgery 
wslais2 be considered. 

The Midas Rex Hands-On Workshops will be held each day 
from 7 20 amo 1:00 pm at the permanent instructional facility, 
175 E. 61st Street (between Park and Lexington). The after- 
necns and evenings are free to enjoy some of the many activi- 


SIGHTSEEING —Bronx Zoo, Brooklyn Botanic Garden, Coney 
Island, Empire State Building, New York Acuarium, Staten 
Island Zoo, United Nations. 


ART—American Museum of Natural History, Beonx Museum of 
the Arts, Brooklyn Museum, Solomon R. Guggenheim Museum, 
Metropolitan Museum of Art, Museum of Modern Art. 


MUSIC, DANCE AND THEATER—Camegie Hali, Lincoln Center, 
Lehman Center for Performing Arts, Metropolitan Opera, and a 
wide variety of Broadway and off Broadway plays in the evenings. 
SPORTS -—Baseball, football, basketball, hockey, boxing, etc. 
in season. 

ENROLLMENT: 

Send letter and check payable to "New York Symposium” 
Surgeon—US $965.00; Resident—US $585.00 (with letter from 
Department Head); OR/Tech/Ass't.—US $250 00. Mail to: 
Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 76111 
Phone (800) 433-7639, In Texas: (817) 831-2504 
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April 12-13-14, 1 uu 


"Modern Dissection Techniques of Bone, Biometals and Bioplastics" 
(NEURO 700)* 
a Neurosurgical symposium 
co-sponsored by 
THE UNIVERSITY OF SOUTH FLORIDA 
COLLEGE OF MEDICINE 
Department of Surgery 


Division of Neurosurgery 
and 


MIDAS REX INSTITUTE 


Course Directors: David W. Cahill, M.D.; Jane Mitchell, Ph.D.; Susan Mitchell, Ed.D. 
SYMPOSIUM FORMAT 


WORKSHOPS: CREDITS: 

The Mic=ss Rex Hands-On Workshops will be held each day from 7:30 CME Credit Available 

am t 1-0 pm. The workshop will emphasize a series of hands-on ENROLLMENT: 

exercises. utilizing appropriate animal bones, skeletal bones, bioplastics Sand aar end: a : 

: quist : ; > end letter and check payable to "Clearwater Neurcsurgical Sym- 
and »iomstals for dissection in the cranium and spine. Methylmethacry posium" Surgeon-US $965.00; Resident-US $585.00 (with letter from 
late, anc »iometals, as they are related to neurosurgery will also be con- Department Head); OR/Tech/Asst.-US $250.00. Mail to: 
sidered C uestlecturers will presentclinicalaspectsofspinaland cranial doa ave 
procedures anc video tapes of clinical procedures will be available. Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 76111, 

Phone: (800) 433-7639, In Texas: (817) 831-2604 


ACCCMMODATIONS: 

She-stor Sand-Key Resort, 1160 Gulf Blvd., Clearwater Beach, 

Florida 33515. Phone: (813) 595-1611 

"There will be a simultaneous Orthopaedic Symposium (Ortho 700) at the same time in a separate room. Hospitality will be combined. 





(| 


History of Neurology 


Ferrier and the Study of Auditory Cortex 


Henry E. Heffner, PhD 


e David Ferrier was a British physician 
who studied the localization of function in 
the cerebral hemispheres during the latter 
half of the 19th century. Using stimulation 
and ablation techniques, Ferrier demon- 
strated that auditory cortex was located 
in the superior temporal gyrus of the 
monkey and that ablation of auditory cor- 
tex resulted in deafness. Although he was 
substantially correct, Ferrier's location of 
auditory cortex was not accepted by his 
contemporaries, and his observations of 
cortical deafness were, until recently, dis- 
counted by modern researchers. Just why 
his findings were rejected is of interest to 
the study of cortical function. 

(Arch Neurol 1987;44:218-221) 


During the first half of the 19th 

century, it was commonly be- 
lieved that there was no differentia- 
tion of function in the cerebral hemi- 
spheres but that each function could 
be conducted by any area. After 1860, 
however, various researchers began 
presenting evidence showing that sen- 
sory and motor functions were local- 
ized in specific areas of the cerebral 
cortex. One of the principal localiza- 
tionists was a British physician, 
David Ferrier (Fig 1); who studied 
the organization of the cortex using 
stimulation and ablation techniques. 
Because the conclusions of Ferrier's 


Accepted for publication Aug 4, 1986. 
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research were not always in agree- 
ment with those of his contemporar- 
ies, he became involved in controversy 
concerning the exact location of cer- 
tain functions.’ 

A major controversy surrounding 
Ferrier’s work concerned his study of 
auditory cortex in primates, specifi- 
cally, his placement of auditory cortex 
in the superier temporal gyrus and 
the claim that ablation of this gyrus 
resulted in deafness. Ferrier’s loca- 
tion of auditory cortex was rejected by 
his contemporaries, and his observa- 
tions of deafness following superior 
temporal gyrus lesions have been dis- 
counted by modern researchers. Yet it 
was long ago established that Ferrier 
was correct in his lecation of auditory 
cortex, and it now appears that he was 
substantially correct in his observa- 
tions of cortical deafness. Why, then, 
were his conclusions not accepted? 


FERRIER’S WORK ON AUDITORY 
CORTEX 


David Ferrier began his work on 
brain localization using the technique 
of electrical stimulation, which had 
been developed by Fritsch and Hitzig.’ 
This technique allowed him to infer 
the function of a particular cortical 
area by stimulating it and noting the 
animal's movements. Ferrier's* initial 
work consisted of a series of stimula- 
tion studies on the brains of birds and 
mammals, and he improved on 
Fritsch and Hitzig’s’ technique by 
using faradic or alternating current 
instead of galvanie or direct-current 
stimulation. 

Using the stimulation technique to 
map the cortex of monkeys, Ferrier? 
placed auditory cortex in the upper 


two thirds of the "superior temporo- 
sphenoidal convolution", ie, the supe- 
rior temporal gyrus (Fig 2). Ferrier 
found that stimulating this area 
resulted in the following: “pricking of 
the opposite ear, head and eyes turn to 
the opposite side, pupils dilate wide- 
ly." Yet how did Ferrier know that he 
was stimulating an auditory area and 
not a somatic or motor area? Ferrier 
said, “These phenomena resemble the 
sudden start and look of astonishment 
or surprise which are caused when a 
loud sound is made in the ear opposite 
the hemisphere which is being irri- 
tated." In other words, electrical stim- 
ulation of the superior temporal gyrus 
produced the same startle reaction as 
sounding a “shrill whistle" close to an 
animal's ear. 





Fig 1.—David Ferrier (from Critchley’). 
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Fernier’s placement of auditory cor- 
tex was remarkably correct given the 
relatively crude techniques available 
at that time. Eecent studies have con- 
firmed that auditory cortex is indeed 
located in the posterior two thirds of 
the superior temporal gyrus, although 
it is mostly buried in the depths of the 
sylvian fissuve.© However, Ferrier 
was aware of the fact thet auditory 
cortex included the entire gyrus and 
not just the seperficial portion. 

Locating auditory cortex by means 
of electrical stimulation was only the 
first step. To -omplete the identifica- 
tion, it was nesessary to remove audi- 
tory cortex by surgical means and 
observe the effect on hearing. It was 
here that Fernier’s difficulties began. 

During Ferrier’s time, if was com- 
monly believed that the cortex was 
the seat of all sensation.’ This view 
arose frem ooservations of clinical 
symptems in human patients, espe- 
cially those su Tering blindness as the 
result of cortal injury. Iz: was sup- 
ported. in turm by the results of visual 
cortex lesions n animals and general- 
ized to-otner modalities as illustrated 
by Ferrier’s’ statement, “For what is 
true of the. sight centre is true, 
mutatis mutandis, of the other senso- 
ry centres.” “hus, Ferrier and his 
contemporaries expected ablation of 
auditory cortex to result im complete 
and permanen: deafness. 

Ferrier’ eorducted two series of 
ablatien studs with monkeys, the 
first of which was published in 1876. 
This series consisted of 25 monkeys 
with varieus certical lesions, of which 
three monkeys had bilateral and two 
had unilateral lesions of the superior 
temporal gyrus. Ferrier <ested his 
animals by carefully observing their 
response to sounds. He determined if 
they were “roused” by sounds, wheth- 
er they turned their head and looked 
when called. cr whether taey would 
respond in any way when called by 
name. de-gave-these tests to monkeys 
with asditory :esions and those with 
nonauditory sions. Although he 
lacked the conditioning techniques 
currently usec to test animals, his 
tests were carefully conducted and he 
seemec well acquainted with each ani- 
mal’s preoperative responses to 
sound. 

Ferrier made two discoveries about 
auditory cortex lesions. First, he 
found that bilateral ablation of the 
supericr tempara! gyrus, unlike abla- 
tion of ether ar»as, had the immediate 
effect cf rendering the animals unre- 
sponsive to sound. This was the result 
he was looking for, and it provided 
conclusive evidence that he had found 
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Fig 2.—Ferrier's figure illustrating location of auditory cortex (No. 14) as determined by 


electrical stimulation (from Ferrier,? p 410). 


auditory cortex. Second, Ferrier found 
that unilateral lesions of auditory cor- 
tex resulted in deafness in the contra- 
lateral ear—a phenomenon he demon- 
strated by plugging the ipsilateral ear 
with cotton and observing the ani- 
mal's reactions to sound. Given the 
evidence of the ablation studies along 
with that of the stimulation studies, 
Ferrier concluded that auditory cor- 
tex was located in the posterior two 
thirds of the superior temporal 
gyrus. 

One limitation of his study, howev- 
er, was the fact that the animals were 
tested for only a few hours or days 
after surgery. This was because the 
surgeries were performed without 
aseptic precautions, and the animals 
either soon developed infections or 
were killed before infection could con- 
found the results. As a result, Ferrier 
was unable to determine whether the 
animals would have recovered their 
hearing over time. 

A few years later, Ferrier, in collab- 
oration with Gerald Yeo, embarked 
on a second series of ablations, this 
time using aseptic procedures. Of the 
33 cases in this series, only two were 
used to further examine the location 
of auditory cortex. The first animal, 
which came to be known as “monkey 
F,” received bilateral lesions of the 
superior temporal gyri and was 
reported to be totally deaf 13 months 
after the surgery. The second animal 
received a bilateral lesion of the mid- 
temporal gyrus, which had no notice- 
able effect on its hearing. With this 
study, Ferrier had replicated his ear- 
lier finding of cortical deafness and 


had demonstrated that auditory cor- 
tex was not located in the midtempo- 
ral gyrus. 

Monkey F proved to be Ferrier's 
main case and was shown to a number 
of other researchers. He reported the 
following: 


The animal was exhibited, six weeks after 
the operation, before a specially invited 
number of the physiologists attending the 
International Medical Congress in London 
in August 1881. While it was climbing 
about before the audience a percussion cap 
was suddenly exploded in its neighbour- 
hood without causing the slightest start or 
sign of perception—in marked contrast to 
the behaviour of its hemiplegic companion 
exhibited at the same time.’ 


As a result, Ferrier believed that he 
had conclusively shown that auditory 
cortex was located in the superior 
temporal gyrus. 


THE CONTROVERSY 


Ferrier's conclusions concerning 
the location of auditory cortex initial- 
ly met little opposition. Other 
researchers had performed lesions of 
the temporal lobe in dogs and had also 
found auditory deficits.” Although 
the deficits in dogs appeared to be 
somewhat transitory, Ferrier’ had 
previously noted the existence of spe- 
cies differences and had stated that 
dogs would not show the same degree 
of impairment as would monkeys and 
humans. 

A few years later, however, physiol- 
ogist Edward Schafer began to per- 
form ablation studies on monkeys. His 
first study, published with Victor 
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Horsley,” included six cases with uni- 
lateral and one with bilateral ablation 
of the superior temporal gyrus. 
Although one of the unilateral cases 
appeared to have a hearing loss in the 
contralateral ear, the tests on the 
other five were inconclusive. Howev- 
er, the bilateral case, unlike Ferrier's, 
appeared to have no hearing loss at 
all. At this point, Scháfer was unwill- 
ing to commit himself and stated that 
his results were not sufficient to 
either corroborate or refute Ferrier's 
earlier observations. 

In a second study, performed in 
conjunction with Sanger Brown," 
Scháfer made a more detailed study of 
the effects of cortical lesions on hear- 
ing. This time he observed the effect 
of bilateral lesions in the superior 
temporal gyrus in six monkeys. Fail- 
ing to find deafness in any of his 
cases, he proceeded to question Fer- 
rier's results. His first step was to 
disregard Ferrier’s first series of 
lesions because of the short survival 
times, which left Ferrier with only 
one case, that of monkey F. Schafer 
then suggested that monkey F was 
probably deaf before Ferrier had 
operated on it. He thereby concluded 
that auditory cortex could not be 
located in the temporal lobe of the 
monkey.'* 

Scháfer's attack aroused an imme- 
diate response in Ferrier. Ferrier' 
replied that Schafer’s lesions were 
incomplete and went on to expound on 
the importance of distinguishing 
between “reflexive” hearing and 
"hearing proper.” Ferrier then re- 
viewed all evidence that indicated 
that auditory cortex was located in 
the superior temporal gyrus. This con- 
sisted of his own studies of stimula- 
tion and ablation as well as two cases 
in the clinical literature, which indi- 
cated that bilateral temporal lesions 
in humans resulted in deafness. 

In reviewing the ablation evidence, 
Ferrier published some actual notes of 
his observations of monkey F. Inter- 
estingly, these observations indicated 
that the animal occasionally showed 
signs of hearing. Ferrier attributed 
these signs to either mere coincidence, 
to a simple startle reaction, or to the 
possibility of an incomplete lesion. 
However, these signs were sufficient 
for Scháüfer'* to conclude that the 
monkey could hear and that Ferrier 
had no case. 

The consensus of 19th-century sci- 
entists on this issue was expressed by 
William James.’ After describing the 
work of Ferrier and Scháfer, James 
noted the following: 


Terrible recriminations have, as usual, 
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ensued between the investigators, Ferrier 
denying that Brown and Schaefer's abla- 
tions were complete, Schaefer that Fer- 
riers monkey was really deaf. In this 
unsatisfactory condition the subject must 
be left, although there seems no reason to 
doubt that Brown and Schaefer's observa- 
tion is the more important of the two. 


In short, James concluded that 
superior temporal gyrus lesions in 
monkeys probably did not result in 
deafness and, therefore, that the loca- 
tion of auditory cortex in the monkey 
had not yet been determined. 


MODERN CONFIRMAT!ON OF FERRIER'S 
RESULTS 


Little new information was ob- 
tained about auditory cortex in the 
period immediately following Ferrier 
and Scháfer. However, beginning in 
the 1930s, new techniques in neuro- 
anatomy, electrophysiology, and be- 
havior were developed, which led to a 
rapid advance in knowledge of the 
nervous system. With regard to Fer- 
rier's first point concerning the loca- 
tion of auditory cortex, the neuroana- 
tomical and electrophysiologic studies 
indicated that he was correct; audito- 
ry cortex in the monkey is located in 
the posterior two thirds of the superi- 
or temporal gyrus. That most of it lies 
buried in the sylvian fissure would 
probably have come as no surprise to 
Ferrier’ as he had argued with Schaf- 
er that the entire gyrus had to be 
removed to produce deafness. 

If Ferrier was correct in locating 
auditory cortex, then was he also cor- 
rect in his observation of a hearing 
loss following ablation of the superior 
temporal gyrus? Until recently, the 
answer to this question would have 
been no. 

During the 1930s and 1940s, the 
effect of auditory cortex lesions on the 
detection of sound was studied using 
cats and dogs. Although some studies 
found that bilateral lesions resulted 
in substantial hearing losses, others 
found little or no effect. However, the 
failure to find a deficit following a 
lesion has always been considered 
more significant than reports of defi- 
cits resulting from similar lesions." 
As a result, it came to be accepted 
that auditory cortex ablation had no 
significant effect on the detection of 
sound." No further large-scale inves- 
tigations were conducted on this 
point, and by 1950 the issue was con- 
sidered closed. 

There remained the possibility that 
cortical lesions might produce a hear- 
ing loss in humans, and occasional 
reports of cortical deafness following 


bilateral stroke continued to appear." 
However, these reports were not uni- 
versally accepted because it could not 
be definitely proved that the stroke 
was the cause of the hearing loss, and 
the results of the animal studies were 
often cited as demonstrating that cor- 
tical injury did not produce a hearing 
loss.'? 

Recent evidence, however, has 
reopened the issue of cortical deafness 
in monkeys. In a study originally 
designed to determine the effect of 
superior temporal gyrus lesions on 
auditory discrimination, it was found 
that bilateral ablation resulted in a 
profound hearing loss in Japanese 
macaques.” Specifically, the animals 
were rendered totally deaf for a peri- 
od of a few days to 13 weeks, 
depending on the extent of the lesions. 
Following this period, the animals' 
hearing began to slowly recover, par- 
tieularly for low-frequency sounds, 
although they never completely 
regained normal levels. Indeed, large 
hearing losses were noted as long as 
one year after surgery. 

To further explore this deficit, a 
second study”! was conducted to deter- 
mine if unilateral lesions produced a 
hearing loss in the ear contralateral 
to the lesions, as Ferrier* had noted in 
his first study. Testing each ear indi- 
vidually with earphones both before 
and after surgery, it was found that 
unilateral lesions of the superior tem- 
poral gyrus did indeed result in a 
transient hearing loss in the contra- 
lateral ear. This loss was milder than 
that observed following bilateral 
ablation, and hearing thresholds 
recovered to normal or near-normal 
levels after a few weeks. 

Given these results, it now appears 
that Ferrier was substantially correct 
in his description of the effect of 
superior temporal gyrus lesions. Fer- 
riers monkey F was probably pro- 
foundly, if not totally, deaf when it 
was demonstrated at the Internation- 
al Medical Congress six weeks after 
surgery. The fact that it occasionally 
showed some signs cf responding to 
loud sounds indicates that it was 
probably not completely deaf. Fur- 
thermore, Ferrier's observations of a 
contralateral hearing loss following 
unilateral ablation were also accu- 
rate. The fact that Ferrier tested his 
unilateral cases immediately after 
surgery made it easier to detect this 
deficit, as monkeys recover rapidly 
from this type of hearing loss. 

The problem lies, then, not so much 
in Ferrier's observations but in the 
fact that everyone at that time was 
expecting auditory lesions to result in 
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complete and permanent deafness. 
Although Ferrier s^ last article on the 
subject suggests that he might have 
settled ^er less than absolute deaf- 
ness, his eentemporaries would not 
have accepted it. Schafer, in particu- 
lar, was eonvinced that auditory cor- 
tex lesiars would result in total deaf- 
ness, and his animals, which tended to 
have smaller lesions, all displayed 
obvious signs of hearing. Thus, the 
prevailing view that the cortex was 
the sezt of sensation prevented 
researchers from realizing that audi- 
tory cortex lesions could result in any- 
thing other than complete and perma- 
nent deafness. 
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As were our 19th-century predeces- 
sors, we also have been limited by our 
preconceptions. Once it had been 
decided that those studies that found 
no effect of cortical lesions on sound 
detection outweighed those claiming 
to find an effect, the possibility of a 
cortical hearing loss was never seri- 
ously reconsidered. Those researchers 
who noticed that monkeys were ini- 
tially unable to discriminate between 
different sounds following cortical 
ablation tended to attribute it to other 
factors such as "postoperative amne- 
sia.”” Indeed, until recently, no mod- 
ern study looked at the effect of corti- 
cal lesions on auditory thresholds in 
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primates. 

In his studies, Ferrier was mistaken 
neither in his location of auditory 
cortex nor in his description of the 
effects of ablating auditory cortex. 
Instead, the interpretation of his 
results was limited by the prevailing 
views on the role of the cortex. Such 
preconceptions are inevitable in any 
scientific inquiry. 


This work was supported by research grant NS 
12992 from the National Institutes of Health, 
Bethesda, Md. 

I am grateful to Rickye Hefner, PhD, and Bill 
Porter for commenting on an earlier draft of this 
manuscript and to Banny Rucker, MLS, and Jane 
O'Bryan for their help in loceting the historical 
sources. 


Behavioral studies of auditory discrimination: 
Central nervous system, in Keidel WD, Neff WD 
(eds) Handbook of Sensory Physiology. New 
York, Springer-Verlag NY Ime, 1975, vol 2, pp 
307-400. 

18. Jerger J, Weikers NJ, Saarbrough FW III, 
et al: Bilateral lesions of the temporal lobe: A 
case study. Acta Otolaryngol Suppl 1969;258:1- 
52. 

19. Rosati G, Bastiani PD. Paolino E, et al: 
Clinical and audiological fincings in a case of 
auditory agnosia. J Neurol 1982;227:21-27. 

20. Heffner HE, Heffner RS: Hearing loss in 
Japanese macaques following bilateral auditory 
cortex lesions. J Newrophysio 1986;55:256-271. 

21. Heffner HE, Heffmer RS, Porter WE: 
Effect of auditory cortex lesions on absolute 
thresholds in macaques. Newrosci Abstr 1985; 
11:547. 

22. Evarts EV: Effect of auditory cortex abla- 
tion on frequency discrimination in monkey. 
J Neurophysiol 1952;15:443-443. 


Ferrier—Heffner 221 


Make the change to 


DIVAPROEXSODUM — — 
ENTERIC-COATED TABLETS — x E t : 


seizure control 

you've learned 

to trust with 
KENE 


(VALPROIC ACID) 





The differences 
all work in your 
patient's favor: 


H Enteric-coated to minimize gastric irritation. 
m Significantly lower cost to your patient. 
m Smaller, easier-to-swallow than Depakene capsules. 


same daily dose and dosing schedule you are now using 
(three dosage strengths for accurate titration). 


Please see a«joinin; page for prescribing information. 


send for Abbotts “Change for the Better" Program 


—Includes clinical data and valuable patient 
rebate slips for "First Rx" for Depakote 
(redeemable at pharmacies). 


Name 
Address. 
City 


PRS n SES SAL ENE CR TO RM aM. c 


-~ — Mailto SDN Laboratories 
"a Dept. 792 
. North Chicago, IL 60064 











i 


DEPAKOTE 


divalproex sodium 
Enteric-Coated Tablets 


Restores control and quality of life 


WARNING: 
HEPATIC FAILURE RESULTING IN FATALITIES HAS OCCURRED IN PATIENTS RECEIVING VALPROIC ACID AND ITS DERIVATIVES 
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DESCRIPTION: Divalproex sodium is a stable co-ordination compound comprised of sodium valproate and valproic acid in a 1-1 molar 
relationship and formed during the partial neutralization of valproic acid with 0.5 equivalent of sodium hydroxide. Chemically it is designated 
as sodium bis (2-propylpentanoate) 
i ium has a molecular weight ol 310.41 and occurs asia white powder with a characteristic odor 

DEPAKOTE is an oral antiepileptic supplied as enteric-coated tablets in three dosage strengths containing divalproex sodium eqwivalent to 
125 mg, 250 mg or 500 mg of valproic acid. 
Inactive Ingredients 
125 mg tablets: cellulosic polymers, diacetylated pae jokora FD&C Blue No. !. FD&C Red No. 40, povidone. pregelatinized starch (con- 
tains com starch), silica gel, talc, titanium dioxide, vanillin and other ients. 
C Yellow No. 6, iron oxide, povidone, pregelatinized starch (con 
tains com starch), silica gel, talc, titanium dioxide, vanillin and other ingredients 


starch (contains com starch), silica gel, talc, titanium dioxide. vanillin and other ingredients 


CLINICAL PHARMACOLOGY: DEPAKOTE is an antiepileptic agent which is chemically related to valproic acid. & has no nitrogen or 
aromatic moiety characteristic of other antiepileptic drugs. The mechanism by which DEPAKOTE exerts its antiepileptic effects has not been 
established. k has been suggested that its activity is related to increased brain levels of gamma aminobutyric acid (GABA). The effect on the 
neuronal membrane is unknown. DEPAKOTE dissociates into valproate m the gastrointestinal tract 
Because of the enteric coating of DEPAKOTE, absorption is delayed one hour following oral administration. Thereafter, DEPAKOTE is uni 

formly and reliably absorbed, as shown by studies in normal volunteers. Peak serum levels of valproate occur in 3 to 4 hours. Bioavailability 
divalproex sodium tablets was found to be equivalent to that of DEPAKENE® (valproic acid) capsules. Concomitant administration with 
absorption The serum half life of valproate is typically in the sange of 
range are usually found in patients taking other antiepileptic drugs capable of 


induction. 
M Dueric coated divalproex sodium may reduce the incidence of the aritative gastrointesinal effects of valproate as compared to valproic 
acid capsules. 
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INDICATIONS AND USAGE: DEPAKOTE (divalproex sodium) is indicated for use as sale and adjunctive therapy m the treatment of 
simple (petit mal) and complex absence seizures. DEPAKOTE may also be used adyunctively in patients with multiple segure types which in 


seizures, 
in accordance with the International Classification of Seizures, simple absence is defined as very brief clouding of the sensorium or loss 
of consciousness (lasting usually 2-15 seconds). accompanied by certam generalized epileptic discharges without other detectable «clinical 


CONTRAINDICATIONS: DEPAKOTE (DIVALPROEX SODIUM) SHOULU NOT BE ADMINISTERED TO PATIENTS WITH HEPATIC DISEASE 
OR SIGNIFICANT DYSFUNCTION. 
DEPAKOTE is contraindicated in patients with known hypersensitivity to the drug 
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against the risks, Above tis age group, experince has that the incidence of fatal hepatotoxicity de- 
The drug should y i r kaar raray the of significant hepatic dysfunction ted or apparent. 
in the presence suspected or 
In some cases, dysfunction has progressed in spite of discontinuation of drug. 
ects enzymes) may 4 1t of improved seizure control 
The frequency of adverse effects (particularly elevated liver ) be dose-related. The benefit of 
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MANAGEMENT OF THEIR SEIZURES. 
THE INCIDENCE OF NEURAL TUBE DEFECTS IN THE FETUS MAY BE INCREASED IN MOTHERS RECEIVING VALPROATE DURING THE 
FIRST TRIMESTER OF PREGNANCY. THE CENTERS FOR 


dee e aed pacantel üt of he dove. Uses quate han G5 mpi given to pr rats and mice produced skeletal abnormali 
ies i imarily | i and vertebrae; doses greater 10 aude Dun te AAAA satis pastored tae 
resorptions Ear abnormalities in the offspring, in rats a dose-related delay in the onset of parturition was noted 
Postnatal growth and survival of the progeny were adversely ected, particularly when drug administration spanned the entire gestation 


epilepticus with attendant hypoxia and threat to life. in individual cases where the severity and fre 
of the seizure disorder are such that the removal of medication does not pose a serious threat to the patient. discontinuation of the 
may be considered prior to and during pregnancy. although it cannot be said with any confidence that even minor segures do not pose 


some hazard to the developing embryo or fetus. 
The prescribing physician will wish to weigh these considerations in treating or counseling epileptic women of childbearing potential 
PRECAUTIONS: Hepatic Dysfunction: See "Boxed Warning." "Contraindications" and “Warnings” sections. 

Because of reports of ia, inhibition of the secondary phase of platelet ion, and abnormal coagulation 
parameters, platelet counts and c ion tests are recommended before initiating therapy and at periodic intervals. It is recommended that 
patients receiving DEPAKOTE (di X sodium) be monitored for platelet count and coagulation parameters prior to planned sur Evi. 
dence of . bruising or a disorder of is/coagulation is an indication for reduction of DEPAKOTE dosage or withdrawal of 


Hyperammonemia with or without lethargy or coma has been reported and may be present in the absence of abnormal liver function tests. 
lf clini ignificant elevation occurs, DEPAKOTE should be discontinued 

Since TE (divalproex sodium) may mteract with concurrently administered anti ileptic drugs, periodic serum ievel determina- 
tions of concomitant antiepileptic drugs are recommended during the early course of therapy See “Drug interactions” section). 











Three dosage strengths: 
125mg tablet; 250mg tablet; 
and 500mg tablet 


Valproate is partially eliminated in the urine as a keto-metabolite which may lead to a false interpretation of the urine ketone test. 

There have been reports of altered thyroid function tests associated with valproate. The clinical significance of these is unknown, 

Information for Patients: Since DEPAKOTE may produce CNS depression, especially when combined with another CNS depressant (e.g. 
alcohol), patients should be advised not to engage in hazardous occupations, such as driving an automobile or operating dangerous machin. 
ery. until it is known that they do not become drowsy from the drug. 

Drug Interactions: Valproic acid may potentiate the CNS depressant activity of alcohol. 

The concomitant administration of valproic acid with drugs that exhibit extensive protein binding (e.g. aspirin, carbamazepine, and dicu- 
ee tS 

THERE IS EVIDENCE THAT VALPROIC ID CAN CAUSE AN INCREASE IN SERUM PHENOBARBITAL LEVELS BY IMPAIRMENT OF NON- 
RENAL CLEARANCE. THIS PHENOMENON CAN RESULT IN SEVERE CNS DEPRESSION. THE COMBINATION OF VALPROIC ACID AND 
PHENOBARBITAL HAS ALSO BEEN REPORTED TO PRODUCE CNS DEPRESSION WITHOUT SIGNIFICANT ELEVATIONS OF BARBITURATE 
OR VALPROATE SERUM LEVELS. ALL PATIENTS RECEIVING CONCOMITANT BARBITURATE THERAPY SHOULD BE CLOSELY MONITORED 
FOR NEUROLOGICAL TOXICITY. SERUM BARBITURATE LEVELS SHOULD BE OBTAINED, IF POSSIBLE. AND THE BARBITURATE DOSAGF 
DECREASED, IF APPROPRIATE. 

Primidone is metabolized into a barbiturate and, therefore, may also be involved in a similar or identical mteractinn. 

THERE HAVE BEEN REPORTS OF BREAKTHROUGH SEIZURES OCCURRING WITH THE COMBINATION OF VALPR@IC ACID AND PHENY- 
TOIN. MOST REPORTS HAVE NOTED A DECREASE IN TOTAL PLASMA PHENYTOIN CONCENTRATION. HOWEVER, 'NCREASES IN TOTAL 
PHENYTOIN SERUM CONCENTRATION HAVE BEEN REPORTED. AN INITIAL FALL IN TOTAL PHENYTOIN LEVELS WITH SUBSEQUENT 
INCREASE IN PHENYTOIN LEVELS HAS ALSO BEEN REPORTED. IN ADDITION, A DECREASE IN TOTAL SERUM PHENYTOIN WITH AN 
INCREASE IN THE FREE VS. PROTEIN BOUND PHENYTOIN LEVELS HAS BEEN REPORTED. THE DOSAGE OF PHENYTOIN SHOULD BE 
ADJUSTED AS REQUIRED BY THE CLINICAL SITUATION. 

THE CONCOMITANT USE OF VALPROIC ACID AND CLONAZEPAM MAY PRODUCE ABSENCE STATUS. 

There is inconclusive evidence regarding the effect of valproate on serum ethosuximide levels. Patients receiving valproate and etho- 
suximide, especially along with other anticonvulsants, should be monitored for alterations in serum concentrations of both drugs. 

Caution is recommended when DEPAKOTE (divalproex sodium) is administered with drugs affecting coagulation, eg., aspirin and warta- 
rin. (See “Adverse Reactions” section). 

Carcinogenesis: Valproic acid was administered to Sprague Dawley rats and ICR (HA/ICR) mice at doses of 0, 80 and 170 mg/ 
kg/ day lor two years. Although a variety of neoplasms were cbserved in both species, the chief findings were a statistically ignificant in- 
crease in the incidence of subcutaneous fibrosarcomas in high dose male rats receiving valproic acid and a statistically ificant dose- 
related trend for benign pulmonary adenomas in male mice receiving valproic acid. The significance of these findings for man is unknown at 


Mutagenesis. Studies on valproic acid have been performed using bacterial and mammalian systems These studies have provided no 
evidence of a mutagenic potential for DEPAKOTE 
Fertility: Chronic toxicity studies in juvenile and adult tats and dogs demonstrated reduced spermatogenesis and testicular atrophy at 
doses greater than 200 pnis amio a d Ld Segment | fertility studies in rats have shown doses up to 
ante for 60 days to have no effect on fertility. THE EFFECT OF DEP TE (DIVALPROEX SODIUM) ON THE DEVELOPMENT OF 
THE TES ON SPERM PRODUCTION AND FERTILITY IN-HUMANS IS UNKNOWN 

: Pregnancy Category 


D. See "Warnings" section. 
Nursing 75: Valproate is excreted in breast milk. Concentrations in breast milk have been reported to be 1. Y09of serum concentra- 

tions. k is not known what effect this would have on a nursing infant. Caution should be exercised when DEPAKOTE e administered to a nurs- 

ing woman. 

ADVERSE REACTIONS: Since valproic acid and its derivatives have usually been used with other antiepileptic drugs. it is not possible. 

in most cases, to determine whether the following adverse reactions can be ascribed to valproic acid alone. or the combination of drugs. 

Gastrointestinal. The most commonly reported side effects at the initiation of therapy are nausea, vomiting and indigestion. These effects 
are usually transient and rarely require discontinuation of therapy. Diarrhea, abdominal cramps and constipation have seen reported. Both 
anorexia with some weight loss and increased appetite with weight gain have also been reported. The administration of enteric-coated dival- 
proex sodium may result in reduction of gastrointestinal side effects in some patients? 

ONS Effects Sedative effects have been noted in patients receiving valproic acid alone but are found most often in patients receiving 
combination therapy. Sedation usually disappears upon reduction of other antiepileptic medication. Tremor has been reperted in patients re- 
ceiving valproate and may be dose-related. Ataxia, headache, nystagmus. diplopia. asterixis. "spots before eyes,” dysarfhria, dizziness, and 
incoordination have rarely been noted. Rare cases of coma have been noted in patients receiving valproic acid alone or n conjunction with 


phenobarbital 

Derma Transient mcreases in hair loss have been observed. Skin rash and erythema multiforme rarely have been noted. 

Psychiatric: Emotional upset, depression, psychosis, aggression, hyperactivity and behavioral deterioration nave been seported. 

Musculoskeletal: Weakness has been reported. 

Hematologic: Thrombocytopenia has been reported. Valproic acid inhibits the secondary phase of platelet aggregation (See "Drug inter- 
actions” section) This may be reflected in altered bleeding time. Petechiae, bruising. hematoma formation, and frank have been 
teported. (See “Precautions” section). Relative lymphocytosis and hypof have been noted. Leukopenia and eosinophilia have 
also been reported. Anemia and bone marrow ~ sieht pav 

Hepatic- Minor elevations of transaminases (e.g. SGOT and and LDH are frequent and appear to be dose related Occasionally, 
laboratory test results include, as well, increases in serum bilirubin and abnormal changes in other liver function tests. These results may re- 
fect potentially serious hepatotoxicity. (See "Warnings" section) 

Endocrine: There have been reports of menses and secondary amenorrhea, and rare reports of breast enlargement and galactor- 
mea occurring in patients receiving valproic acid and its derivatives. 

Abnormal thyroid function tests have been reported. (See “Precautions” section) 

Pancreatic. There have been reports of acute pancreatitis, including rare fatal cases. occurring in patients receiving varproic acid and its 
derivatives. 

Metabolic. Hyperammonemia. (See “Precautions” section) 

Hyperglycinemia has been reported and has been associated with a fatal outcome in a patient with preexistent nonketetic hyperglycine- 


mia. 
Other- Edema of the extremities has been reported 


OVERDOSAGE: Overdosage with valproic acid may result in deep coma 

‘Since DEPAKOTE tablets are enteric-coated, the benefit of gastnc lavage or emesis will vary with the time since ingesbon. General sup- 
portive measures should be applied with particular attention being we to the maintenance of adequate urinary output 

Naloxone has been reported to reverse the CNS depressant ects of valproate overdosage. Because naloxone could theoretically also 
reverse the antiepileptic effects of DEPAKOTE it should be used with caution. 


DOSAGE AND ADMINISTRATION: DEPAKOTE is administered orally. The recommended initial dose is 15 mg/kg/day, increasing at 
on* week intervals by 5 to 10 mg/kg/day until seizures are controlled or side effects preclude further increases The maximum recommend: 
ed dosage is 60 PARENE 10 DEPARDTE cela 290 mg, t shouid be given in a divided regimen 

Conversion from DEPAKENE to DEPAKOTE- In patients previously receiving DEPAKENE (valproic acid) therapy, DEPAKOTE should be ini- 
tiated at the same total daily dose and dosing schedule? After the patient is stabilized on DEPAKOTE, a twice 3-day or three-times-a-day 
schedule may be instituted in selected patients. 


serum levels for most patients will range from 50 to 100 mcg/ml Occasional patients may be controlled with serum levels lower or higher 
thas this 
€ the DEPAKOTE dosage is titrated upward. blood levels of phenobarbital and/or phenytoin may be affected. (See “Precautions” sec- 


Fatients who experience G. L irritation may benefit from administration of the drug with food or by slowly builemg up the dese from an ini- 
tial ow level 


HOW SUPPLIED: DEPAKOTE (divalproex sodium enteric-coated tablets) are supplied as- 


125 mg salmon pink-colored tablets 

Bottles of 100 JA (NDC 0074-6212-13) 

250 mg peach-colored tablets: 

Bottles of 100 . (NDC 0874-6214-13) 

uin wih Ginn ro. 1 E PRENNENT BAR RR HARD (NDC 0074-6214.11) 

500 mg lavender-colored tablets: 

Bottles of 100 _.. PEE RECURSOS EU (NDC 0C74-6215-13) 

Abbo-Pac* unit dose packages of 100... (NDC 0074-6215-11) 
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Adult Metachromatic Leukodystrophy 


Value of Computed Tomographic Scanning and 
Magnetic Resonance Imaging of the Brain 


Gary Waltz. MD; Sami I. Harik, MD; Benjamin Kaufman, MD 


€ Patients with adult-onset metachro- 
matic lewkedystraphy (MLD) often 
present with personality changes or dete- 
rioration cf cognitive functions. Although 
rare, this form-of MLD should be included 
in the differential diagnosis of psychotic 
and dementing disorders. The following 
case report describes a 38-year-old man 
with adult-erset MLD, who carried the 
diagnosis of schizophrenia and was 
treated as a schizophrenic for a number 
of years. Wetachromatic leukodystrophy 
was initial sespected because of white 
matter abnormalities detected on com- 
puted tomagraphic scans and magnetic 
resonance images cf the brain. The diag- 
nosis of MLD was confirmed by the dis- 
covery of markediv reduced leukocyte 
arylsulfatase A activity. The computed 
tomographi- and magnetic resonance 
imaging findings in MLD are reviewed. 

(Arch Newrol 1987;44:225-227) 


etachrematic leukodystrophy 

(MLD) is the name given to a 
group of autesomal recessive genetic 
diseases, characterized by the accu- 
mulation ef metachromatic granules 
and diffuse demyelination of the cen- 
tral and peripheral nervous systems.! 
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The common forms of MLD, which are 
associated with deficient arylsulfa- 
tase A activity,’ have a wide spectrum 
of clinical manifestations. Based on 
the age at which clinical manifesta- 
tions appear, three subtypes of MLD 
with deficient arylsulfatase A activity 
are described: (1) late infantile, (2) 
juvenile, and (3) adult types. The 
adult type, in which symptoms 
appear after 16 years of age, is rare 
and usually manifests with personali- 
ty and mental state changes. For this 
reason, it is often misdiagnosed as 
schizophrenia, manic depressive ill- 
ness, Alzheimer's disease, Pick's dis- 
ease, or syphilitic brain disease. 

We report the case of a 38-year-old 
man who carried the diagnosis of 
schizophrenia and was treated as a 
schizophrenic for a number of years. 
The diagnosis of adult MLD was sus- 
pected because of white matter abnor- 
malities detected by computed tomo- 
graphie (CT) scanning and magnetic 
resonance imaging (MRI) of the 
brain. 


REPORT OF A CASE 


A 38-year-old man was admitted to the 
psychiatry service of University Hospitals 
of Cleveland in November 1982 for evalua- 
tion of mental illness. He was born of 
normal pregnancy and delivery. There was 
no family history of neuropsychiatric dis- 
orders. The patient's childhood develop- 
ment was normal, and he did well in high 
school and college. He earned a master's 
degree in physical education and held a 
full-time job as a high school physical 
education teacher until 1979, when he was 
asked to resign. He was married in 1973 


and fathered two healthy children. 

Personality changes were first noted in 
the patient approximately seven years 
before admission. These were manifested 
by poor attention, talking to himself, pac- 
ing the floor for hours, and probable audi- 
tory hallucinations. These symptoms pro- 
gressed despite psychiatric attention and 
culminated in the patient's divorce in 1979. 
Since his divorce, he has lived with his 
parents and is entirely dependent on them. 
Recent symptoms included poor concentra- 
tion, inappropriate smiling and laughing, 
inability to make meaningful conversation, 
making irrelevant remarks, answering 
questions with nonsequiturs, restlessness, 
and occasional auditory hallucinations. 
The patient's first psychiatric admission 
was in 1980 for a “manic disorder." For the 
next two years, he was treated by a number 
of psychiatrists with mary medications 
that included phenothiazines, lithium car- 
bonate, thiamine, and diazepam. In June 
1982, he received a course of 12 electrocon- 
vulsive treatments, withcut much im- 
provement. 

On examination, the patient was alert 
and cooperative but appeared preoccupied, 
excessively impatient, and easily angered. 
He could not sit or stand still for more 
than a few minutes without pacing. On 
walking, his posture was stooped and the 
associated movements cf the upper 
extremities were diminished. His speech 
was fluent, but his answers to questions 
were brief and often irrelevant. He denied 
depressive symptoms, and there was no 
evidence of persecutory, grandiose, somat- 
ic, or religious delusions. Digit span was 
five forward and three backward. Serial 
subtractions of sevens from 100 were per- 
formed correctly until the patient quit in 
the middle of the test and began pacing. He 
refused to cooperate in tests of memory. 
He reproduced figures correctly. His 
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.Fig 1.—Contrast-enhanced axial computed 


tomographic scan showed dilated lateral ven- 
tricles, hypodensities (lucencies) of white mat- 


- ter adjacent to frontal and occipital horns, and 


slightly widened cortical sulci. 


answers to general knowledge questions 


were generally correct. Proverbs were 
interpreted concretely or inappropriately. 
Results of examination of the cranial 
nerves were normal. The fundi were nor- 
mal. Sensory examination showed that the 
patient was normal to all modalities of 
sensation. Motor system examination 
showed mild rigidity, and the myotatic 
stretch reflexes were normal and symmet- 
rical. The plantar reflexes were flexor 
bilaterally. Grasp and snout reflexes were 
elicited. Findings of cerebellar tests and 
results of the remainder of the physical 
examination were normal. 

A complete blood cell count, urinalysis, 
and routine blood chemistries disclosed 
normal values. Results of serum vitamin 
B,, folate, ceruloplasmin, and thyroid 
function studies were all normal. An 
awake electroencephalogram was normal. 
Nerve conduction studies showed mild 
slowing in motor and sensory nerves. 

Computed tomographic scans of the 
patient’s brain revealed mild enlargement 
of the ventricles and prominence of the 
sylvian fissures and cortical sulci. Hypo- 
density of the periventricular white matter 
was also noted, particularly in the vicinity 
of the frontal and occipital horns (Fig 1). 
This was initially interpreted to be con- 
sistent with periventricular edema. Com- 
puted tomography, after contrast enhance- 
ment, revealed no other findings. Because 
of this questionable white matter abnor- 
mality, MRI of the brain was performed in 
view of the particular value of MRI in 
detecting white matter diseases.’* The 
results, illustrated in Figs 2 and 3, revealed 
marked abnormality of the periventricular 
white matter adjacent to the frontal and 
occipital horns. 

Because of these CT and MRI findings, 
white matter diseases of the brain were 
considered. Multiple or diffuse sclerosis 
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Fig 2.—Axial magnetic resonance image of 
brain, 12-mm section. Spin-echo sequence: 
echo delay time, 30 ms; repetition time, 0.5 s; 
and O.3 tesla superconducting magnet. This 
partial saturation sequence shows dilated lat- 
eral ventricles and minimally enlarged cortical 
sulci. 


was judged unlikely because of the inap- 
propriate clinical setting and the lack of 
CT or MRI evidence of discrete plaques of 
demyelination. Adult onset MLD was sus- 
pected in view of the clinical presentation 
of atypical progressive psychosis with 
major cognitive defects and the diffuse 
white matter abnormalities. The diagnosis 
was confirmed when low arylsulfatase A 
activity was found in the patient's leuko- 
cytes (patient's arylsulfatase A activity 
was 5 nmol/h/mg of protein; normal 
range, 47 to 295 nmol/h/mg of protein; and 
mean, 111 nmol/h/mg of protein). Leuko- 
cyte arylsulfatase activity in both parents 
was low, consistent with a heterozygous 
state. His sister deelined to give blood for 
tests, and his former wife did not wish to 
have their children tested. 

The mental state of the patient did not 
change during his hospitalization. His pov- 
erty of thought and paucity of verbaliza- 
tion continued. No delusions were noted, 
but he did report oceasional hallucinations. 
On follow-up, his condition gradually and 
inexorably progressed. He became inconti- 
nent of urine, and his meaningful attention 
and verbal expressions decreased. 


COMMENT 


Metachromatic leukodystrophy is a 
conglomeration of sulfolipid storage 
diseases that are associated with dif- 
fuse demyelination. The condition, to 
our knowledge first described by Alz- 
heimer; is charaeterized by the accu- 
mulation of sulfatides, which stain 
metachromatically, in the central and 
peripheral nervous systems and in the 
kidney, gallbladder, liver, pancreas, 
testes, and retina. The incidence of the 
adult type of MLD is unknown, but is 
considered rare.' The true incidence is 





Fig 3.—Axial magnetic resonance image of 
brain, 12-mm section. Spin-echo sequence: 
echo delay time, of 12 ms; repetition time, 1.0 
s; and 0.3 tesla superconducting magnet. This 
T.-weighted. sequence shows abnormally 
increased T, tissue characterization of peri- 
ventricular white matter acjacent to frontal 
and occipital horns. 


probably underestimated because 
only a minority of cases are correctly 
diagnosed before autopsy. Presently, 
definitive diagnosis of MLD can be 
established during the patient’s life 
by demonstrating markedly dimin- 
ished arylsulfatase A activity in blood 
leukocytes® or by finding metachro- 
matic lipid material in biopsy speci- 
mens of peripheral nerve. Although 
these tests are available in most 
major medical centers, making the 
diagnosis of MLD requires a high 
index of suspicion. The most impor- 
tant factor that aroused our suspicion 
in this patient was the abnormal 
brain CT and MRI findings, especially 
the latter. 

Although CT abnormalities of the 
brain, such as cortical atrophy and 
ventricular enlargement, have been 
described in schizophrenia, periven- 
tricular white matter hypodensities 
have not. In previous reports, CT 
abnormalities of the brain in patients 
with adult-type MLD have included 
ventricular enlargement and white 
matter hypodensities.*? The CT find- 
ings in our patient, similar to those 
reported earlier, were characterized 
by mild cerebral atrophy and symmet- 
rical decreased white matter attenua- 
tion, especially near the frontal and 
oecipital horns, and without enhance- 
ment after contrast administration. 
These findings are not specific for 
MLD and are much less severe than 
the CT abnormalities that occur in 
earlier-onset types of MLD.*!' Despite 
their mild and nonspecific appear- 
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ance, -Bese CT abnormalities should 
arouse suspicion of MLD in the appro- 
priate clinical context. In our patient, 
MRI s: the brain yielded similar 
information regarding ventricular 
enlargement and cortical atrophy to 
that feunc with CT scanning, but in 
addition, the white matter abnormali- 
ties were more impressive, and proba- 
bly mere specific, in MRI than in CT 
studies. Te our knowledge, this is the 
first time that diffuse white matter 
pathology in the adult type of MLD 
was demonstrated by MRI of the 
brain. 

The ease reported in this article 
illustrates the importance of accurate 
and thoreugh evaluation in the 
assessment of neuropsychiatric pa- 
tients. Although rare, the adult type 
of MLD should be included in the 
differentia’ diagnosis of psychotic and 
demen-ing illnesses. Early onset 


dementia and unusual psychoses asso- 
ciated with white matter abnormali- 
ties demonstrated by CT scanning and 
MRI of the brain should arouse suspi- 
cion of adult-onset MLD. 
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Neurologic Complications of the Epidermal 


Nevus Syndrome 


Robert 3. Baker, MD; Phillip A. Ross, MD; Robert J. Baumann, MD 


€ The epidermal nevus syndrome is a 
neurocutameous disorder characterized 
by distinctive skin lesions and often seri- 
cus somatic and central nervous system 
(CNS) abnormalities. We observed four 
cases oF this disorder with epidermal nevi 
and neurologic manifestations, including 
mental ~etardation, seizures, ophthalmo- 
legic aonormalities, intracranial aneu- 
rysm, amc porencephalic cyst. A review of 
60 repcrted cases of the epidermal syn- 
drome amd our experience suggest that 
CNS complications are more likely to be 
associaved with epidermal nevi on the 
head arz that the CNS abnormalities are 
most of*en ipsilateral to the skin lesion. 

(Arch Neuro! 1987;44:227-232) 
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he epidermal nevus syndrome is a 
congenital neurocutaneous disor- 
der characterized by specific skin 
lesions and a variety of somatic anom- 
alies. The skin lesions are distinctive 
but variable in appearance. Epider- 
mal nevus syndrome and the linear 
nevus sebaceus syndrome are synony- 
mous, and the skin lesions associated 
with the syndrome include nevus 
unius lateris, ichthyosis hystrix, acan- 
thosis nigricans, and nevus sebaceus 
of Jadassohn. 
In some patients, neurologic abnor- 


 malities dominate the clinical presen- 


tation and can be lethal. Previously 
reported abnormalities of the central 
nervous system (CNS) associated with 
the epidermal nevus syndrome include 
mental retardation, seizures, cortical 
atrophy, hydrocephalus, hyperkinesis, 
cerebrovascular tumors and neo- 
plasms, cortical blindness, hemi- 
paresis, quadriplegia, ocular ab- 
normalities, and CNS tumors.' Four 
personally observed cases of the epi- 


dermal nevus syndrome with associat- 
ed neurologic complicetions add to the 
spectrum of CNS abnormalities seen 
in this condition. These cases are re- 
ported herein. 


REPORT OF CASES 


CASE 1.—A 9-month-old male infant had 
several left-sided focal seizures over a 16- 
hour period. On examina-ion, a 5-cm curvi- 
linear nevus was noted on the forehead 
above the lateral part of the right eyebrow. 
The nevus was yellowish, raised, and rough 
(Figure, top left). The parents remembered 
that when the patient was a newborn the 
lesion was flat and browa and became red 
when he cried. Size anc configuration of 
the head and limbs were normal. There 
were no ocular abnormal ties, and the neu- 
rologic examination was normal. Normal 
investigations included skull and chest 
roentgenograms, computed tomographic 
(CT) scan of the head, e ectrocardiogram, 
and an intravenous pyelogram (IVP). Elec- 
troencephalography (EEG) showed right 
temporal slow waves. A biopsy specimen of 
the skin lesion showed xeratinized squa- 
mous epithelium underlaid by numerous 
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small sebaceous glands and occasional hair 
follicles with a focus of basal cell hyperpla- 
sia in the dermis. 

CASE 2.—A boy was first seen at age 244 
years for evaluation of seizures. Develop- 
mental milestones had been delayed. His 
parents observed that he used his right 
hand less than his left and that his right 
leg appeared weaker than the left. 

At 10 months of age, he had a group of 
right-sided seizures beginning in the leg 
and progressing to involve the arm and 
face. Despite treatment with phenobarbi- 
tal, he had two more groups of right-sided 
focal seizures in the next year. Phenytoin 
(Dilantin) sodium was added to the regi- 
men. He had two single right-sided focal 
seizures in the following year. 

On examination at age 2% years, the 
child was noted to have a minimally ele- 
vated, slightly rough, mildly pigmented 
nevus extending from his hairline to the 
tip of his nose, just to the left of the 
midline (Figure, top right). When noticed 
by the mother at birth, it was red. The 
patient's head cireumference was normal, 
and cranial nerves were intact. He was 
strongly left-handed, held his right hand 
in a hemiparetic posture, and was reluc- 
tant to bear weight on his right leg. 

An EEG at age 1% years had shown 
paroxysmal activity with a right posterior 
spike and slow wave focus plus generalized 
slowing. A radionuclide brain scan at age 
2% years suggested a left parieto-occipital 
porencephalic cyst with a shift of the mid- 
line to the opposite side. A biopsy specimen 
of the skin lesion showed excessive small 
sebaceous glands underlying a thickened 
squamous epithelium. 

CASE 3.—A 21-year-old man had been in 
our care for one year. He came to medical 
attention at 5 years of age because of 
left-sided headaches. A large brown nevus 
on the left side of his head was noted soon 
after birth. When he was 5 years old, his 
height and weight were below the tenth 
percentile and he was developmentally 
delayed. 

Investigations at that time included a 
normal IVP and cerebrospinal fluid exami- 
nation. Skull roentgenograms showed a 
sclerotic-appearing lesion in the parieto- 
occipital area involving the inner and outer 
tables. An EEG showed generalized slow- 
ing with decreased amplitude over the left 
hemisphere, asymmetry of sleep spindles, 
and a spike discharge from the left frontal 
region during sleep. Carotid arteriography 
revealed prominent left external carotid 
cireulation and small stretched vessels 
over the occipital and parietal cortex, 
apparently entering the skull. A 2-mm 
shift of the internal cerebral vein from the 
left to right was evident. Pneumoencepha- 
lography showed the left ventricle to be 
slightly larger than the right and again 
demonstrated the slight shift of midline 
structures from left to right. A biopsy 
specimen of the scalp lesion showed very 
thick skin with extensive collagenization in 
the subepithelial tissue. The hair follicles 
were few in number and showed hyperker- 
atotic plugging of follicular lumen. Seba- 
ceous glands were present, and there were 
some scattered vascular ectasias. The 


228 Arch Neurol— Vol 44, Feb 1987 





Top left, Patient 1 at 9 months of age. Note raised curvilinear yellow-brown nevus over right 
eyebrow. Top right, Patient 2 at 2% years. Note minimally elevated, slightly rough, pigmented 
nevus extending from hairline to tip of nose. Bottom left, Patient 3 at age 21 years. Elevated 
rough nevus involved most of left side of scalp and extended over left part of forehead. Bottom 
right, Patient 4 at 6 years of age showing raised, rough, yellowish nevus of right side of 
scalp. 


patient was treated first with phenobarbi- 
tal because of the epileptogenic activity on 
EEG, but treatment was later changed to 
phenytoin because of his hyperactivity. 
Despite the change in therapy, hyperactive 
behavior and emotional lability remained 
his greatest problems. His headaches 
abated over the next three years. 

When he was 8 years of age, the scalp 
lesion had become larger and more nodu- 
lar, extending from the occipital region to 
the forehead. Also noted at that time were 
approximately 20 small firm papules 
extending across the left cheek and onto 
the nose in a butterfly distribution. The 


left cheek and lip were eniarged, and the 
left eye was proptosed 3 mm and had large 
dilated vessels in the inferior fornix. 
Pupils, intraocular pressures, and results 
of funduscopy were normal. The bone in 
the roof of the left orbit had a sclerotic 
appearance. Results of intelligence testing 
placed him in the lower end of the normal 
range. 

When we saw the patient at age 20 years, 
the nevus appeared as in the Figure, bot- 
tom left. He had occasional severe occipital 
or frontal headaches but no seizures. His 
only lateralizing sign was decreased two- 
point discrimination on the right. The 
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Abnormalities of CNS 
No. of Mental ————————— Neurologic Position 
Cases Retardation Seizures Structural Vascular Signs of Nevus 
' 1 moderate Generalized in 2 ad on 1 blind patient, Midline on fore- 
Mims,” "S52 case, 1 cases 1 hyperki- head in both 
severe netic cases 

R parieto-oc- 
cipital area; 
R cheek 








Source, y 













































Generalized Cortical atrophy 
















Marden and Ver- 1 Severe Generalized Enlarged L lateral ven- Sans Asymmetrical Midline of fore- 
ters,5 1956 tricle; deformed L tonic neck, head to tip of 
sphenoid bilateral Ba- nose; scat- 
binski's syn- tered over 
drome face and 











trunk 


Hydrocephalus; astro- lod Diencephalic R side of body, 
cytoma in R medial syndrome arm, and leg 
temporal lobe 


Large R hemicranium, 















Minor motor 

















Infantile Narrow lid fis- R temporo-or- 














1967 left side of skull sure bital scalp; R 
thickened; abnormal cheek 
transillumination; R 
frontal area 







Generalized Enlarged ventricular oe Spastic quad- Midline of scalp 

Reed,® 1969 system; cerebral at- riparesis and nose; R 
rophy side of face 

and neck 


Alternating Slightly to R of 
esotropia; midline of 
hyperkinesia forehead; 

hairline to tip 

of nose 











Generalized 





















Generalized L hyperostosis of skull; Vessels of L hemi- Hemiparesis 
L cerebral atrophy cranium poorly on side op- 
and cortical calcifica- formed posite nevus 


tions 


Severe 














Infantile spasms TE yo T R parieto-oc- 
hen,!! 1977 with hypsar- cipital area; 
rhythmic EEG R cheek and 
chin; L ear; 
midline gla- 
bella to tip of 
nose 


Case 2, se- Cases 1 and 2, Case 2, no flow of air (s Case 2, corti- Case 1, R side 
1972 vere; case generalized over R hemisphere; cal blind- of forehead 
3, mild case 3, asymmetrical ness and and scalp, 
skull lethargy trunk, arm, 
and leg; 
case 2, bilat- 
erally on 
face and 
body; case 
3, bilaterally 
on chest, ab- 
domen, and 
extremities 


L orbit smaller than R, sita Congruent ex- L side of scalp 
with small lesser ternal L third 
wing of sphenoid nerve palsy 
Cases 1 and Case 1, R fo- Case 1, L hemicranium bl Case 1, R Case 1, vertex 
3, severe; cal; case 2, smaller than R; en- hemiparesis; of scalp, L 
case 2, R focal and larged L lateral ven- case 2, R side of face 
moderate generalized; tricle; subdural cyst homony- and trunk; 
to severe case 3, gen- over L hemisphere mous hemia- case 2, L 
eralized and nopia; hy- cheek, L 
minor perreflexia side of neck 
on R and body; 
case 3, L 
side of neck 


Svein et al, '5 ois iA Elevated R petrous x R hemiparesis; R side of scalp 
1972 ridge; enlarged R R esotropia; 
middle fossa deficient lat- 
eral gaze in 
both eyes; L 
ptosis 


Infantile spasms — 2^ zx Forehead over 
with hypsar- bridge of 
rhythmic EEG nose; lower 

lip to tip of 
chin; R 
cheek 


(Continued on p 230.) 













































Abnormalities of CNS 
No. of Mental ———— Neurologic Position 


Source, y Cases  Retardation Seizures Structural Vascular Signs of Nevus 


Mollica et al, '? A A ey Leptomeningeal x Forehead to tip 
1974 hemangioma ex- of nose; R 



















tending into R side of body, 
temporal lobe arm, and leg; 
angiomas on 


scalp 










Chalhub et al, '® aS Generalized Enlarged R lateral ven- ied Soh Forehead to 
1975 tricle; R poren- philtrum of 
cephalic cyst; non- upper lip 


functioning major ve- 
nous sinuses 














Solomon and Ester- 30 24 cases; 4 of 20 cases +e 1 aneurysm; 1 AVM 8 cases of See references 





ley,' 1975; Solo- 10 moder- focal to side hemiplegic for details 
mon et al,'* 1968; ate of scalp atrophy anc 
Fretzin and Sol- nevus contractures 


omon,?? 1968 


Andriola,?! 1976 

























Mixed glioma in L pari- wo R hemiparesis R side of neck 
etal region (no histologic 
description) 


Slightly to R of 


Focal motor 





Barth et al,?? 1977 Moderate to Generalized Large R hemisphere; R MCA paucity of 








severe large R lateral ventri- opercular branch- midline of 
cle with masses es; abnormal R forehead 
bulging into frontal venous sinuses 


horn 


















Boltshauser and v Generalized Large L hemicranium; "XM je Linear midline 
Navratil,?9? 1978 large L lateral ventri- of face under 
cle with shift to R L ear; L 
shoulder 














McAuley et al,24 vet Enlarged fourth ventri- Occluded R internal R sixth nerve Extensive on R 
1978 cle carotid; abnormal palsy; acute side of body, 

R retinal and con- dysphasia forehead, 

junctival vessels scalp 


Mild L ptosis; L side of scalp 




















Campbell et al,?5 Increased vasculari- 


1978 ty in L parieto-oc- subtle R 
cipita! region with hemiparesis. 
arterial dysplasia, slight hyper- 
narrowing, and di- reflexia on R 


latation 















Shochot et al,?9 di k^. Severe brain edema 3A: TM Face and R 
1982 with necrosis, gliosis, side of chest 
and cyst formation in wall 


frontal lobe 











Choi and Kudo,?7 e. iA Heterotopic neurons Ai Generalized Face, scalp, 
1981 and glial tissue; ab- hypotonia; gingiva 





normal architectonic poor sucking 
pattern of cortex in response; 
cerebrum and cere- weak cry; 
bellum; gliomatosis; incomplete 
marked cerebral Morc's re- 


fiex 


Gooskens et al,?8 Present but — "Epilepsy" Enlarged R ventricle; y None R cheek, eye- 
1983 degree prominent basal gan- lid, upper lid 
uncertain glia 


asymmetry 











































Wilkes et al,?9 Localized atrophy of L 
1981 cerebral hemisphere; 
abnormal develop- 
ment of L cranial 
bones 


L side of face 


























Present study Case 2, mild Case 1, focal Case 2, radiolucent Dilated vascular of Case 2, R Case 1, R side 

motor; case area on L with shift subarachnoid hemiparesis, of forehead; 

2, general- of midline to R; case space case 3, hy- case 2, 

ized 3, large L lateral ven- perkinesia slightly to L 
tricle, with shift to R; of midline of 
degenerative forehead; 
changes in cortex case 3, L 
with calcification, di- side of 
lated vasculature in scalp, face, 
subarachnoid space, and trunk 


and basilar and ca- 
rotid aneurysm 


* EEG indicates electroencephalogram; AVM, arteriovenous malfcrmation; and MCA, middle cerebral artery. 
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EEG showed slow-ng over the left hemi- 
sphere, ard skull mentgenograms showed 
the previcusiy noted thickening of the left 
ealvsrium. A CT sean showed enhance- 
men“ of the soft tissues over the left hemi- 
cranmum, multiple -alcifications in the pos- 
terior parietal lobe with contrast enhance- 
men: in the same area, and an enhancing 
lesioa behind and above the posterior cli- 
neid preeess. Cerebral angiography re- 
vealed a fusiform gneurysmal dilatation of 
the left inzracaverrmous carotid with hyper- 
vascularity throughout the left parieto- 
occip:tal rea supplied by the middle and 
posterior cerebral arteries and branches of 
the externaheerebral artery. The vertebral 
injec-ion snewed a large, eccentric, basilar 
summit aneurysm. 

At surgery. the basilar summit aneu- 
rysm- was tog large to clip but was coated. 
The scalp lesion was entirely removed, 
with skin zrafts covering the scalp. 

Case 4.—A 15-year-old girl, whose case 
has been pre-iousl- reported, underwent 
surgi-al excision cf an epidermal nevus 
frem the left side o the scalp at the age of 
6 years (Figure, bottom right). At that 
time, Dtosi- and extropia of the left eye due 
to umilate-ai external third nerve palsy 
were surzically corrected. Associated 
abnommalities were-a subconjunctival nod- 
ule centaimime aberrant lacrimal glands 
and bundles ef excessive nerve fibers and 
an asymmetrical development of the bony 
orbits the teft sphenoid bone being smaller 
than he right. No ether neurologic abnor- 
malites were present. A biopsy specimen 
of the scalp lesion showed hyperkeratotic 
epidermis wit ::numerous sebaceous glands 
and oecasiena! plugzed hair follicles. Skull 
roentgenograms showed sclerosis of the 
greater wing-of the sphenoid on the left. A 
CT sean of the head using contrast 
enharcement was normal, as were an IVP, 
eleetr»cardiograms, and EEG. 


COMMENT 


The epidermal nevus syndrome is 
apprepriately classified as a neurocu- 
tanecus syndrome The monograph by 
Solomon and Esterley! provides a 
comprehensive review of the associ- 
ated somatie anomalies, and the arti- 
cle by Meuregan and Pinkus? gives a 
detaiid descripti»n of the evolution 
of the gross and microscopic appear- 
ance ef th» nevus. 

The incidence o: neurologic compli- 
cations associated with the epidermal 
nevus is uncertain. Mehregan and 
Pinkus’ make no mention of neurolog- 
ic disease in 150 eases. Solomon and 
Esterwy, om the other hand, found 
50% ef 60 cases te have moderate to 
severe inwolvement of the nervous 
system. A variety of CNS abnormali- 
ties have been deseribed, and previous 
authors have stressed that mental 
retarcation and sezures are the most 
common features Table). One or the 
other of these features has been 
descrived in all bu- two of the 60 cases 
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with neurologic disease reported in 
the English literature; both have been 
present in 36 of these cases. 

None of our patients were severely 
retarded. One had moderate develop- 
mental delay at 2% years of age. The 
other three cases demonstrated that 
there may be significant neurologic 
abnormalities in this condition with- 
out retardation. Focal EEG abnor- 
malities occurred in both patients 
with seizures described herein. A 
third patient, who had never had a 
seizure, also had a focal EEG abnor- 
mality. In each of these cases, the 
focal discharge came from the side of 
the skin lesion. 

Neuro-ophthalmologic complica- 
tions predominated in our fourth 
patient. Haslam and Wirtschafter? 
have reviewed the ophthalmologic 
complications. Of neurologic impor- 
tance are ocular motor abnormalities, 
cortical blindness, ptosis, and strabis- 
mus. Abnormalities of the seventh 
and eighth cranial nerves have also 
been documented (Table). 

Our patients 3 and 4 had thickening 
of the bones of one side of the skull, 
and patient 2 had a unilateral defect 
in radionuclide uptake, which was 
thought to represent a porencephalic 
cyst. This patient had prominence of 
the face on the same side. In all three 
of these cases, the skull and brain 
abnormalities were ipsilateral to the 
nevus. Hemicranial-hemifacial abnor- 
malities have been noted with consid- 
erable frequency by other authors 
(Table). 

Patient 3 had striking abnormali- 
ties of the cerebral vasculature. 
Hypervascularity of the cortex was 
noted under the large scalp nevus. On 
the same side, there was an intracav- 
ernous carotid aneurysm. Another 
aneurysm was demonstrated at the 
basilar summit. Only one patient with 
an aneurysm and one with an arterio- 
venous malformation have been 
described previously. The latter 
patient died of a subarachnoid hemor- 
rhage. Two patients have had hypo- 
plastic cerebral arteries,” and two 
have had nonfunctioning dural si- 
nuses.^ The patient of McAuley et 
al" had total occlusion of what he 
interpreted to be a congenitally dys- 
plastic artery. Campbell et al? 
described a patient with increased 
vascularity in the left parieto-occipi- 
tal region and arterial dysplasia with 
segmental narrowing and dilatation. 

Apart from the two neoplasms 
noted in the Table, very little neuro- 
pathologic material is available. Two 
patients of Holden and Dekaban" 
underwent craniotomy. The first had 
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an arachnoid cyst covering the cortex 
with flat broad sulci and sparse poorly 
demarcated fissures. The authors 
interpreted this as consistent with 
cortical dysgenesis. The second pa- 
tient showed mild cortical atrophy. 
Mollica et al," Shochot et al, and 
Choi and Kudo” have described the 
only complete autopsy specimens to 
date. The patient of Mollica et al was 
lethargic and hypotonic on the first 
day of life and died on the second. 
Postmortem examination showed a 
large bilateral leptomeningeal hem- 
angioma with no abnormalities of the 
structure of the brain parenchyma, 
either gross or microseopic. The skin 
lesions were not on the head or face. 
The patient of Shochot et al was an 
infant with a gestational age of 37 
weeks, who was hypotonic the first 
day of life and subsequently deterio- 
rated and died on the 44th day of life. 
The infant had nevi on the face and 
right side of the chest wall. The autop- 
sy revealed severe brain edema along 
with necrosis, gliosis, and cystic for- 
mation in the frontal lebe. 

There also were ocular and cardio- 
vascular abnormalities. Choi and 
Kudo's patient was a premature 
infant who died shortly after birth. 
The skin lesion was on the face, scalp, 
and mouth. The infant had general- 
ized hypotonia, poor sucking response, 
and incomplete Moro's reflex. The 
autopsy showed heterotopic neurons; 
glial tissue; abnormal architecture of 
the cortex, cerebellum, and cerebrum; 
and gliomatosis cerebri. Abnormali- 
ties were also found in the eyes, 
extremities, and genitourinary sys- 
tem. 

Our cases illustrate that the epider- 
mal nevus syndrome, like most neuro- 
cutaneous diseases, is a dysembryo- 
genesis, with both ectodermal and 
mesodermal malformations in a 
regional pattern. This probably 
reflects an abnormality in the normal 
process of induction wherein one 
embryologic layer influences the 
development of the next. All of our 
patients had the nevus on the head 
ipsilateral to focal CNS abnormali- 
ties, as have almost all patients with 
neurologic complications. 

Patients with epidermal nevus syn- 
drome appear to be at high risk for 
neurologic complications. The skin 
lesions may precede the CNS distur- 
bance and thus serve as a valuable 
clue to diagnosis. Neurologic signs 
and symptoms may be due to a variety 
of intracranial pathologic conditions, 
including maldeveloped cranial 
nerves, structural and/or physiologic 
abnormalities of neural tissue, and 
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life-threatening CNS vascular abnor- 
malities. All cases should be investi- 
gated for associated systemic compli- 
cations, and a careful watch should be 
kept for the development of malignan- 
cy. There are several general shapes 
the lesion may take, and skin biopsy 
should be performed in all suspected 
cases to confirm the diagnosis. 
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Cerebral Hemiatrophy, Hypoplasia of Internal Carotid 


Adel K. Afifi, MD; John C. Godersky, MD; Arnold Menezes, MD; Wendy R. Smoker, MD; William E. Bell, MD; Charles G. Jacoby, MD 


e A 4-month-old child with a very rare 
association of primary (congenital) left 
cerebral hypoplasia, hypoplasia of the left 
internal carotid artery, and giant anterior 
communicating artery aneurysm was 
seen. The aneurysm was detected and 
treated before rupture. We briefly 
reviewed the literature on agenesis (hypo- 
plasia) of the internal carotid artery, intra- 
cranial aneurysms in childhood, and pri- 
mary cerebral hypoplasia. It is proposed 
that cerebral arteriography, cranial com- 
puted tomography, or magnetic reso- 
nance imaging be performed in all chil- 
dren with primary cerebral hemihypopla- 
sia to establish an etiologic diagnosis 
and, more importantly, to detect and treat 
possible associated intracranial aneu- 
rysms before they become symptomatic. 

(Arch Neurol 1987;44:232-235) 
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Cerebral hemiatrophy (hemihypo- 

plasia), hypoplasia or agenesis of 
the internal carotid artery, and intra- 
cranial aneurysms in children are 
individually rare occurrences; their 
simultaneous occurrence in the same 
patient has not been previously 
reported, to our knowledge. We herein 
present such a case and call attention 
to the early detection and successful 
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treatment of intracranial aneurysm 
before its rupture. 


REPORT OF A CASE 


A 4-month-old female infant was the 
product of normal pregnancy and unevent- 
ful delivery. Her birth weight was 2400 g, 
and she had Apgar scores of 9 and 9 at one 
and five minutes, respectively. Her neona- 
tal history was normal. The mother report- 
ed that the infant was developing normally 
except for a left-handed preference and 
microcephaly with oecipitofrontal circum- 
ference dropping to the tenth percentile. 
Five days before admission, she began to 
have seizures characterized by fluttering 
of the eyelids for 2 to 3 s, followed by 
crying or cooing. They occurred in clusters, 
each lasting about five to eight minutes. A 
regimen of phenobarbital sodium was 
begun, and the patient was referred to 


Cerebral Hemiatrophy — Afifi et al 


the University of Iowa Hospitals, Iowa 
City. 

On physical examination of the patient, 
vital signs were normal, weight was 5.76 
kg, and oceipitofrontal circumference was 
$1.5 em. The infant was alert and able to 
visually track a toy moving in ?ront of her. 
The anterior fontanelle was 1 zm in diam- 
eter and flat. There were no head or neck 
anomalies. The heart, lung, abdomen, and 
skin were normal. There was full range of 
movement of all four extremities, although 
the right armzand leg moved less vigorous- 
ly than the eft. Myctatic reflexes were 
normal ard symmetrical at 2+. Muscle 
tene and strength were normal. There was 
a positive Moro's refiex. Plantars were 
bilaterally extensor. 

The following laberatory tests were nor- 
mal: complete blood cell count. total pro- 
tein, albur:im cholesterol, glucose, urea 
nitrogen, urie acid, calcium, phosphorus, 
alkaline phosphatase, bilirubin, aspartate 
aminotransferase, lactic dehydrogenase, 
creatinine, sedium, potassium, chloride, 
and carbon diexide. The electroencephalo- 
gram was markedly abnormal iue to fre- 
quent, high-amplitude, sharp delta-wave 
discharges eceurring every 1 to 2 s over the 
left hemisphere. More organized right- 
hemispherie backgreund activity of 5- to 
8-Hz posteror- rhythm was reccrded. 

Unenhaneed  eomputed tomographic 
(CT) sean demenstrated a rounded, hyper- 
dense area with curvilinear peripheral cal- 
cification in the suprasellar region, which 
densely enhanced following contrast injec- 
tion and was suggestive of an aneurysm 
(Fig 1). Hy»aplasia of the lef- cerebral 
hemisphere ane shift of the mid ine struc- 
tures by theintact right hemisphere were 
also noted. Both T1- and T2-weighted mag- 
netic resonanee images were obtained in 
the axial, coromal, and sagittal lanes. In 
addition to the findings noted on CT, 
review of ‘hese images demonstrated 
hypoplasia ef the left internal carotid 
artery (Fig 2), midbrain rotation, and com- 
pensatory enlargement of the lef: cerebral 
peduncle. 

Intra-artemial digital subtraction cere- 





Fig \.—Contrast-enhanced computed tomo- 
gram. At leve! ef suprasellar cistern, densely 
enhancing rounded mass is visualized to left 
of midline. 
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bral angiography, with selective injections 
into the left common, right internal, and 
left vertebral arteries, was performed. A 
large anterior communicating artery aneu- 
rysm filled from the right side without 
demonstration of an aneurysmal neck. The 
left internal carotid artery was hypoplas- 
tic throughout its course and terminated 
intracranially in a hypoplastic middle 
cerebral artery (Fig 3). The left posterior 
cerebral artery was posteriorly displaced, 
and the basilar artery was deviated to the 
right. Neither a left anterior cerebral 
artery nor a right posterior cerebral artery 
was demonstrated angiographically. The 
patient successfully underwent clipping of 
her aneurysm. At surgery, the left internal 
carotid artery was very hypoplastic with 
no apparent A, segment. The aneurysm 
measured 2 cm in height and had a very 
thick wall; it seemed to arise from the 
right A,-A, junction. Postoperatively, the 
patient developed transient diabetes insip- 
idus and was discharged on a regimen of 
phenobarbital. Pathologic findings were as 
follows: the aneurysmal sac measured 
1.5 X 1.5 X 1 em, the wall of the aneurysm 
was composed of exuberant reactive fibro- 
blasts, and elastic stains showed no elastic 
lamina. 

Follow-up examination one month after 
surgery revealed that the 7-month-old 
infant was alert and gaining weight. There 
was a mild increase in muscle tone of the 
right upper extremity, and the right hand 
was clenched in a fist. The right lower 
extremity moved less than the left. Myo- 
tatic reflexes were symmetrical. 


COMMENT 


Although the terms agenesis, hypo- 
plasia, and aplasia of the internal 
carotid artery are used interchange- 
ably, they are not strictly synony- 
mous. Agenesis usually refers to a 





Fig 2.—Coronal T1-weighted magnetic reso- 
nance image at level of aneurysm. Note flow 
void aneurysm (A) and normal-sized right 
internal carotid artery (arrowhead) compared 
with diminutive left internal carotid artery 
(white arrow), marked enlargement of left 
frontal horn (F) and shift of interhemispheric 
fissure (black arrows) (pulse repetition time / 
echo delay time — 1000/40 ms). 


total absence of the artery due to 
failure of the artery to develop embry- 
ologically, whereas the terms hypo- 
plasia and aplasia are used when a 
portion, or remnant, of the artery is 
left behind and when the initial seg- 
ment of the artery is either normal in 
size or even slightly enlarged proxi- 
mal to its abrupt narrowing.! 
Agenesis and hypoplasia of the 
internal carotid artery are rare condi- 
tions in humans. It is estimated that 
agenesis of the internal carotid artery 
occurs in less than 0.01% of humans: 
Review of the lizerature revealed 20 
cases of hypoplas:a,'? 24 cases of agen- 
esis,’ and 19 cases of either agene- 
sis or hypoplasia of the internal carot- 
id artery in association with intracra- 
nial aneurysms'^? reported to date. 
Agenesis of one or both internal 
carotid arteries may be asymptomatic 
because of collateral circulation from 
the contralateral internal carotid and 
basilar systems. Two types of collater- 
al circulation have been reported”; 
the first, seen in nearly all cases and 
believed to develop during an early 
embryonic stage, is the fetal type. The 
second type (the so-called adult type) 
is believed to occur after completion 
of the circle of W-llis. The pattern of 
the circle of Willis in our patient did 
not conform to either of the above 


types. 

Agenesis of the internal carotid 
artery may, on the other hand, 
present with hemiplegia,’ transient 
ischemic episodes,** or intracranial 
hemorrhage.?? In contradistinction to 
the above, the patient described here- 
in presented instead with early-onset 
seizures. 

Agenesis or hypoplasia may be 
associated with anomalies of the cir- 





Fig 3.—Intra-arterial digital subtraction angio- 
gram showing lateral view, with left common 
Carotid injection. Left internal carotid artery is 
hypoplastic (arrowheads) and terminates as 
diminutive middle cerebral artery (arrows). 
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cle of Willis) intracranial aneu- 
rysms,'^?* and dilated collateral anas- 
tomotic vessels?$ Two of the above 
conditions (anomalous circle of Willis 
and an intracranial aneurysm) were 
associated with hypoplasia of the 
internal carotid artery in our case. 

The pathogenesis of hypoplasia or 
agenesis remains controversial.^^*/^^! 

Intracranial aneurysms are rare in 
the pediatric age group, especially in 
infancy.**! Congenital cerebral aneu- 
rysms in the first year of life have 
very rarely been reported”, of the 26 
reported cases, less than half were 
diagnosed in life, and the majority 
were in the middle cerebral artery. 
They usually present with subarach- 
noid hemorrhage or intracerebral 
hematoma or as a mass lesion. Vari- 
ous anomalies have been reported in 
association with intracranial aneu- 
rysms in children.”*?!?"4!“ 

The coexistence of intracranial 
aneurysm and agenesis or hypoplasia 
of the internal carotid artery, as in 
our patient, is very rare. To date, 
there have been 19 such cases re- 
ported (Table). 

There are two postulates to explain 
the association of intracranial aneu- 
rysms and agenesis or hypoplasia of 
the internal carotid artery. Both con- 
ditions could occur independently dur- 
ing embryonic life as a result of a 
developmental error operating at both 
loci, or the aneurysm may be second- 
ary to the deranged hemodynamic 
forces induced by absence of the inter- 
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nal carotid artery on the opposite 
side.?^ Whatever the mechanism, it 
seems that the occurrence of agenesis 
or hypoplasia predisposes to aneurys- 
mal formation. Whereas the natural 
incidence of intracranial aneurysms is 
estimated to be 2% to 4975," an inci- 
dence of 25% to 34% has been re- 
ported with agenesis or hypoplasia of 
the internal carotid artery." 
Hemiatrophy of one cerebral hemi- 
sphere is not frequently encountered 
in clinical practice. The concept of 
cerebral hemiatrophy remained 
clouded until 1939, when Alpers and 
Dear* defined two types of cerebral 
hemiatrophy. In the primary (congen- 
ital) type, the entire cerebral hemi- 
sphere is characteristically hypoplas- 
tic. The secondary type results from a 
cerebrovascular lesion, inflammatory 
process, or cranial trauma. Twenty- 
two cases of the primary variety were 
collected from the literature until 
1939.” A clinical triad of hemiplegia, 
seizures, anc mental retardation was 
defined. Our patient presented with 
convulsions and developed frank right 
hemiplegia shortly thereafter. The 
affection of the left hemisphere and 
the sex of cur patient are in agree- 
ment with the pattern defined by Al- 
pers and Dear.* Since primary cere- 
bral atrophy is actually a lack of 
cerebral development rather than 
atrophy, the terms cerebral hemihy- 
poplasia or unilateral cerebral hypo- 
plasia would be more appropriate.*^* 
A vascular cause of cerebral hypo- 
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Agenesis 


plasia, first proposed in 1860," was 
confirmed in later studies.?^^*' On the 
basis of these human and experimen- 
tal studies, it was proposed that a 
vascular anomaly occurring very ear- 
ly in gestation (five to six weeks) may 
result in a major defect in brain devel- 
opment, whereas vascular abnormali- 
ties occurring later in gestation may 
produce more localized lesions. The 
case reported herein lends further 
support to this vascular hypothesis. 
The association of primary (congeni- 
tal) unilateral cerebral hypoplasia, 
hypoplasia of the internal carotid 
artery, and intracranial aneurysm has 
not, to our knowledge, been reported 
previously. 

Since cerebral vascular agenesis or 
hypoplasia is known to be associated 
with primary (congenital) cerebral 
hypoplasia, and since there is a high 
incidence of intracranial aneurysms 
with agenesis or hypoplasia of cere- 
bral vessels, it is deemed advisable to 
perform cerebral arteriography in 
cases of primary unilateral cerebral 
hypoplasia to establish the cause of 
the hypoplasia and, more important- 
ly, to detect the presence of an associ- 
ated aneurysm before rupture occurs, 
with its potentially catastrophic 
sequelae. Since aneurysms in children 
are usually large, cranial CT or mag- 
netic resonance imaging can play an 
important role in detecting intracra- 
nial aneurysms, as shown in our case 
and in similar cases in the litera- 
ture." 


Aneurysms 
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* BA indicates basilar artery; ICA, internal carotid artery; MCA, middie cerebral artery; PCA, posterior cerebral artery; and X, present. 
tCited in Shigemori et al.'4 
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CONFERENCE OBJECTIVES 
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CRANIUM: 1 osteoplastic temporal flap, 1% min. * posterior 
craniectomy. 4&5 -60 sec. € os istic posterior craniotomy, 1-2 min. 
* free temporzl flap. 1 nir: bur&hole, 1-3 sec. e hemicraniotomy, 
2 min. * bi*at-ral frenta! ET min. * two osteoplastic subdural 
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buttons, 2 men. * wotrk-àbo.t the clivus * traction anchors * 
cranioplasty. E. ; y^ 
CRANIOF à CIAL MA cH LO 


ACIAL:T infra orbit * frontal * 
© orbital è supra orbit èe mandibular 
resection * m padi "osteóotam y * mandibular reduction * facial 
fracturese sut | ; zi 

ORL:T matide < 1-4 amin. /* ftranslabyrinthine acoustic 
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maxillectomy * zygomectomy 






















SPINE: f 4 my, 6T, min * anterior cervical fusion 
with osteophy-; otle-graft, 3-4 min. * posterolateral fu- 
sions * poste ' ERN e foraminotomies, 30 sec. e 
osteophvte 230 sec >o Harrington rod removals * Harr- 
ington rod tion in situ, 2 min. * fusions-posterior and anterior 


* disc and ner-e root problems * unroofing nerves * taking down old 
fusions, 1-8 azn. 
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Polyethylene - abrade in situ, dissect in situ, transect in situ, shape. 


BIOMETALs:f{ (Superalloys, Titanium alloys, Stainless steels) 
Transect ane hape in OR, 1-6 min.; in situ, 1-6 min. 


t Procedural! tznes refer to the actual time of running the instrument. 
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THE PALM BEACHES, 529 25th Street, 
West Palm Beach, Florida. FEBRUARY 
16-17-18, MARCH 5-6-7 * 16-17-18 * 30-31-Apr. 
1, APRIL 22-23-24, MAY 18-19-20. 
CHICAGO, 728 West Algonquin Road, Arl- 
ington Heights, Illinois. JANUARY 8-9-10, 
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LOS ANGELES/ANAHEIM, 625 West 


Katella, Unit 22, Orange, California. 
FEBRUARY 2-3-4, MARCH 26-27-28 e 
30-31-Apr. 1, APRIL 22-23-24, MAY 11-12-13. 





Auditory P-300 





Brainstem Auditory Evoked Potential (BAEP). 





Somatosensory Evoked Potential (SEP). 


Helps You Forget the Way 
Evoked Potential Testing 
Used to be 


Pause amoment and think about the old 
days . . . before there was a Bio-logic. You 
remember when sophisticated 
electrodiagnostic testing required an 
expensive collection of heavy, clunky 
instrumentation, and the manufacturers told 
you what you needed. 





Visual Evoked Potential (VEP). Reliability is clearly 
indicated by the superimposed replica 


Well, times have changed and the Navigator 
is a sign of the times. Bic-logic is a 
successful leader in the revolution of the 
electrodiagnostic testing system industry. 
Our formula for success is simple. We listen 
to you. The new desk-top Navigator and the 
single-case Traveler are two of the obvious 
results. Because we provide systems like the 
Navigator according to your specifications, 
Bio-logic has become one of the fastest 
growing companies in America (Business 
Week, Oct. 28, 1985, p. 14). 

You Will Recognize the Quality 
and Flexibility 

Things like superior amplifiers and superb 
common mode rejectior allow you to 
acquire and display quality data in an 
easy-to-read format on the 13" color screen. 
Not only does the IBM PC capability 
increase flexibility, it allows you to run over 
10,000 commercially avzilable programs. 
It's easy to control the mighty Navigator 
because the on-screen menus guide you 
through your testing. 

You Demand Speed and 
Expandability 

You will have an 8 MHz processor which 
will give you 68% faster processing than an 
IBM PC and an unsurpassed overall speed of 
operation. The 768K RAM packed into the 
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Navigator gives it the ability to remember 
what you need to get the job done right. 
The expandability which you demand has 
become a Bio-logic trademark. You decide 
the capabilities you want now, and add 
others when the need arises. You can even 
expand your Navigator to the 
top-of-the-line Brain Atlas III and do 
topographic brain mapping. 

You Taught Us How to Spell 
Capability 

AEP, VEP, SEP, ENN, ECoG, NCV, 40 Hz ERP, 
ERG, EOG, CSA, Bone Conduction, and 
Topographic Brain Mapping. 

Thinking About Price, Service 
and Support? 

Give us a call. You're going to like what we 
have to tell you. 


Toll free at 800-323-8326 
(Illinois call collect 312-564-8202) 


Corporate 
Headquarters 


Europe/Middle East 

Dickenson House, Albion Street 

125 Huehl Road Chipping Norton 

Northbrook, IL 60062 Oxfordshire, UK OX75B] 

USA Telephone: 0608 41981 

Telex: Ref. EEGOO1, 265871 MONREF G 


IBM PC is a trademark of International Business Machines Corp. 


Published 5y the American Medical Association March 1987 
Volume 44, Number 3 


egy \ 
ee j Q, 
4 


éurology 


EDITORIAL 
Epilepsy, Psychosis, and Forced Normalization R. B. Schiffer 253 
ORIGINAL CONTRIBUTIONS 


Normal Caudate Glucose Metabolism in Persons at Risk for Huntington's Disease 
A. B. Young, J. B. Penney, S. Starosta-Rubinstein, D. Markel, 
S. Berent, J. Rothley, A. Betley, R. Hichwa 254 


The Diagnosis of Dementia With Single Photon Emission Computed Tomography 
W. J. Jagust, T. F. Budinger, B. R. Reed 258 








Gait Lisorder in Late-Life Hydrocephalus L. Sudarsky, S. Simon 263 
Severty of Tourette's Syndrome in One Large Kindred R. Kurlan, J. Behr, L. Medved, 


|. Shoulson, D. Pauls, K. K. Kidd 268 


influence of Dietary Protein on Motor Fluctuations in Parkinson's Disease J. H. Pincus, 
K. Barry 270 


The Use of Apolipoprotein Cll as a Genetic Marker for Myotonic Dystrophy T. D. Bird, 
M. Boehnke, G. D. Schellenberg, S. S. Deeb, H. P. Lipe 273 


Cerebrospinal Myelin Basic Protein in Multiple Sclerosis C. Martin-Mondiére, C. Jacque, 
A. Delassalle, P. Césaro, C. Carydakis, J.-D. Degos 276 


Trimoda! Evoked Potentials Compared With Magnetic Resonance Imaging in the 


Diagnosis of Multiple Sclerosis B. S. Giesser, D. Kurtzberg, H. G. Vaughan, Jr, J. C. Arezzo, 

| M. L. Aisen, C. R. Smith, N. G. LaRocca, L. C. Scheinberg 281 
Forced Normalization = A. Pakalnis, M. E. Drake, Jr, K. John, J. B. Kellum 289 
Prediction of Early Beneficial Response to Plasma Exchange in Guillain-Barré 
Syndrome G. Gruener, E. P. Bosch, R. G. Strauss, M. Klugman, J. Kimura 295 


Magnetic Resonance Imaging in Tuberous Sclerosis E. S. Roach, D. P. Williams, D. W. Laster 301 
Globa Aphasia Without Hemiparesis D. Tranel, J. Biller, H. Damasio, H. P. Adams, Jr, S. H. Cornell 304 
Epilertiform Abnormalities Discovered on Electroencephalographic Screening of 


Psychiatric Inpatients S. L. Bridgers 312 
CONTROVERSIES IN NEUROLOGY 
The Ischemic Hypotheses of Migraine J. Olesen 
Migrame: A Biobehavioral Disorder K. M. A. Welch 
The Nature of Migraine | V. Hachinski 
| OBITUARY 
Wilbu: K. Smith. MD (1902-1986) D. O. Marsh 
OBSERVATIONS 
Cervical Diastematomyelia | R. K. Simpson, Jr, J. E. Rose 
*bnormrmal Neuroanatomy in a Nonretarded Person With Autism E. Courchesne, 


J. R. Hesselink, T. L. Jernigan, R. Yeung-Courchesne 
Sporadic Case Resembling Autosomal-Dominant Motor System Degeneration (Azorean 


Disease Complex) | B. A. McQuinn, T. L. Kemper 
*acia! Numbness and Dysesthesia K. R. Francis, D. P. Williams, B. T. Troost 
oss ef Deep Dyslexic Reading Ability From a Second Left-Hemispheric Lesion 


D. P. Roeltgen 
Complete Contents, p 239 F. 








Make the change to 





DEPAKOTE 


DIVALPROEX SODIUM 
ENTERIC-COATED TABLETS 


put 


C) 


250 mg 


The same 
seizure control 
you've learned 
to trust with 





(VALPROIC ACID) 





DEPAKENE — 


Wi 
W = 


-d 


c-coated to minimize gastric irritation. 


m Significantly lower cost to your patient. 
m Smaller, easier-to-swallow than Depakene capsules. 


Same daily dose and dosing schedule you are now using 
(three dosage strengths for accurate titration). 


Please see aciciuing pæe for prescribing information. 


oenc ‘or Abbott's "Change for the Better" Program 
LE... 
| itn &  —Includes clinical data and valuable patient 
; rebate slips for “First Rx” for Depakote 
(redeemable at pharmacies). 


Mail to Abbott Laboratories 
Dept. 792 
North Chicago, IL 60064 





$ 
$ 
^ 
j 
3 
a 


|^ 920 





"iz ——- E >” ——À—— - = rrr. a Fu. rie x= > ra ST PWUTIUQOGUL-AUE Se an cV ADT = 4 I "m De P 
T7—HBH. pure ; a ] i LST aa Ro 32 SERN FARA n 
' A 


v i ` x 


DEPAKOTE 


divalproex sodium 
Enteric -Coated Tablets 


Restores control and quality of life 


WARNING: 

HEPATIC FAILURE RESULTING IN FATALITIES HAS OCCURRED IN PATIENTS RECEIVING VALPROIC ACID AND ITS DERIVATIVES 
EXPERIENCE HAS INDICATED THAT CHILDREN UNDER THE AGE OF TWO YEARS ARE AT A CONSIDERABLY INCREASED'RISK OF 
DEVELOPING FATAL HEPATOTOXICITY, ESPECIALLY THOSE ON MULTIPLE ANTICONVULSANTS, THOSE WITH CONGENITAL META 
BOLIC DISORDERS, THOSE WITH SEVERE SEIZURE DISORDERS ACCOMPANIED BY MENTAL RETARDATION, ANO THOSE WITH OR 
GANIC BRAIN DISEASE. WHEN DEPAKOTE IS USED IN THIS PATIENT GROUP. IT SHOULD BE USED WITH EXTREME CAUTION AND 
AS A SOLE AGENT. THE BENEFITS OF SEIZURE CONTROL SHOULD BE WEIGHED AGAINST THE RISKS. ABOVE THIS AGE GROUP 
HAS INDICATED THAT THE INCIDENCE OF FATAL HEPATOTOXICITY DECREASES CONSIDERABLY IN PROGRESSIVELY 


EXPERIENCE 
OLDER PATIENT 
THESE INCIDENT 


DESCRIPTION: Divalproex sodium is a stable co-ordination compound comprised of sodium valproate and valproic acid insa 1-1 molar 
relationship and formed during the partial neutralization of valproic acid with 0.5 equivalent of sodium hydroxide. Chemically s s designated 
as sodium mcs bis (2-propylpentanoate) 
Divalproex sodium has a molecular weight of 310.41 and occurs as a white powder with a characteristic odor 
DEPAKOTE is an oral antiepileptic supplied as enteric-coated tablets in three dosage strengths containing divalproex sodium equivalent to 
125 mg, 250 mg or 500 mg of valproic acid 
Inactive Ingredients 
125 mg tablets: cellulosic polymers, diacetylated pe ery FD&C Blue No. 1, FDAC Red No. 40, povidone. pregelatinized starch (con 
tains com starch), silica gel, talc, titanium dioxide, vanillin and other ov 
250 mg tablets: cellulosic polymers. diacetylated monoglycerides, FÜAC Yellow No. 6, iron oxide. povidone. pregelatinized starch (con 
tains com starch), silica gel, talc, titanium dioxide, vanillin and other i 
500 mg tablets: cellulosic polymers, diacetylated monoglycerides, DAC Red No. 30. FDAC Blue No 2, won oxide, povidone. pregelatinved 
starch (contains com starch). silica gel. talc, titanium dioxide, vanillin and other ingredients 


CLINICAL PHARMACOLOGY: DEPAKOTE is an antiepileptic agent which is chemically related to valproic acid. t has no nitrogen or 
aromatic moiety characteristic of other antiepileptic drugs. The mechanism by which DEPAKOTE exerts its antiepileptic eHects-has not been 
established. It has been suggested that its activity is related to increased brain levels of gamma aminobutyric acid (GABA). The effect on the 
neuronal membrane is unknown. DEPAKOTE dissociates into valproate in the gastrointestinal tract 

Because of the enteric coating of DEPAKOTE, absorption is delayed one hour following oral administration. Thereafter, DEPAKOTE is uni 
formly and reliably absorbed, as shown by studies in normal volunteers. Peak serum levels of valproate occur in 3 to 4 hours. Bioavailability 
of divalproex sodium tablets was found to be equivelent to that of DEPAKENE® (valproic acid) capsules. Concomitant admimstration with 
food would be expected to slow absorption but not affect the extent of absorption. The serum half-life of valproate is typically in the range o! 
six to sixteen hours. Half-lives in the lower part of the above range are usually found in patients taking other antiepileptic drugs capable o' 
enzyme induction, 

Enteric-coated divalproex sodium may reduce the incidence of the irritative gastromtesinal effects of valproate as compared to valproic 
acid capsules. 

Valproate is rapidly distributed and at therapeutic drug concentrations, drug is highly bound (90%) to human plasma proteins. increases ir 
dose may result in decreases in the extent of protein binding and increased valproate clearance and elimination 

Elimination of DEPAKOTE and its metabolites occurs principally in the urine, with minor amounts in the feces and expired air Very little un 
metabolized parent drug is excreted in the urine. The drug is primarily metabolized in the liver and is excreted as the glucuromde conjugate 
Other metabolites in the urine are products of beta, omega, and omega oxidation (C.3, C-4 and C-5 positions) The major oxidative metabo- 
lite in the urine is 2-propyl-3-keto-pentanoic acid; minor metabolites are 2-propyl-glutaric acid, 2-propyl 5-hydroxypentanoic acid. 
2-propyl 3-hydroxypentanoic acid and 2-propyl-4-hydroxypentanoic acid. 


INDICATIONS AND USAGE: DEPAKOTE (divalproex sodium) is indicated for use as sole and adjunctive therapy in the treatment of 
simple (petit mal) and complex absence seizures. DEPAKOTE may also be used adjunctively in patients with multiple segure types which in 
e seizures. 
in accordance with the International Classification of Seizures. simple absence is defined as very brief clouding of the sensorium or loss 
of consciousness (lasting usually 2.15 seconds), accompanied by certain generalized epileptic discharges without other detectable clinical 
signs. Complex absence is the term used when other signs are also present 
SEE "WARNINGS" SECTION FOR STATEMENT REGARDING FATAL HEPATIC DYSFUNCTION 


CONTRAINDICATIONS: DEPAKOTE (DIVALPROEX SODIUM) SHOULD NOT BE ADMINISTERED TO PATIENTS WITH HEPATIC DISEASE 
OR SIGNIFICANT DYSFUNCTION. 
DEPAKOTE is contraindicated in patients with known hypersensitivity to the drug. 


serum bi be abnormal in all instances, but should also consider the resutts of careful 

interim medical history and physical examination. Caution should be observed when administering DEPAKOTE to patients 
i i hepatic disease. Patients on multiple anticonvulsants, children, those with metabolic 

disorders, those with severe seizure disorders accompanied by mental retardation, and those with organic brain disease 
be at particular risk. Experience has indicated that children under the age ot two years are at a i 


patient , it with extreme caution and as a sole 
weighed against te risks, Above this age gru. experience has i that the incidence of fatal hepatotoxicity de- 


creases senene in progressively patient groups. 
The drug should be discontinued immediately in the presence of significant hepatic dysfunction. suspected or apparent. 
ic dysfunction has progressed in spite of discontinuation of drug. 

The frequency of adverse effects (particularly elevated liver enzymes) may be dose-related. The benefit of improved seizure control 


which may accompany the higher doses should therefore be we the possibility of a greater incidence of adverse effects 
m s : epar ACEDRONG TO PUBLISHED AND UNPUBL ED REPORTS. VALPRO ACID MAY PRODUCE TERATOGENIC E* 


PREGNANCY RESULTS IN AN INCREASED INCIDENCE OF BIRTH DEFECTS IN THE OFFSPRING. ALTHOUGH DATA ARE MORE EXTENSIVE 
WITH RESPECT TO TRIMETHADIONE, PARAMETHADIONE. PHENYTOIN. AND PHENOBARBITAL. REPORTS INDICATE A POSSIBLE 
SIMILAR ASSOCIATION WITH THE USE OF OTHER ANTIEPILEPTIC DRUGS THEREFORE, ANTIEPILEPTIC DRUGS SHOULD BE 
ADMINISTERED TO WOMEN OF CHILDBEARING POTENTIAL ONLY IF THEY ARE CLEARLY SHOWN TO BE ESSENTIAL IN THE 
MANAGEMENT OF THEIR SEIZURES 

THE INCIDENCE OF NEURAL TUBE DEFECTS IN THE FETUS MAY BE INCREASED IN MOTHERS RECEIVING VALPROATE DURING TRE 
FIRST TRIMESTER OF PREGNANCY THE CENTERS FOR DISEASE CONTROL (CDC) HAS ESTIMATED THE RISK OF VALPROIC ACID 
EXPOSED WOMEN HAVING CHILDREN WITH SPINA BIFIDA TO BE APPROXIMATELY 1 TO 2%" THIS RISK IS SIMILAR TO THAT FOR 
WOMEN WHO HAVE HAD CHILDREN WITH NEURAL TUBE DEFECTS (ANENCEPHALY AND SPINA BIFIDA) 

ANIMAL STUDIES ALSO HAVE DEMONSTRATED VALPROIC ACIO INDUCED TERATOGENICITY. Studies in rats and human females 
demonstrated placental transfer of the Doses greater than 65 mg/kg/day given to pregnant rats and mice produced skeietal abnormeli 
ties in the offspring, primarily involving ribs and vertebrae. doses ester then 150 mg/kg/day given to pregnant rabbits produced fesal 
resorptions and (primarily) soft-tissue abnormalities in the offspring. In rats a dose related delay in the onset of parturition was noted 
seil th and "gg of the progeny were adversely affected, particularly when drug administration spanned the entire gestation 

e ion period. 
! ic drugs should not be discontinued in patients in whom the drug is adminstered to prevent major seizuressbecause of the 
strong ility of precipitating status qnc with attendant hypoxia and threat to life, In individual cases where the severity and fre 
the removal of medication does not pose a serious threat to the patient, discontinuation of the 
te Hei bo cotviortd prior to and during proqpency, although it cannot be said with any confidence that even minor seres do not pese 
or fetus 


ed Warning.” “Contraindications” and" Warnings" sections 

^ Because of reports of thrombocytopenia, inhibition of the secondary phase vf platelet aggregation, and abnormal coagulation: 
parameters, coma re pe ple are recommended before mitiating therapy and at periodic intervals. It is recommended that 
patients jest DEPAKOTE (div x sodium) be monitored for platelet count and coagulation parameters prior to planned surgery. Evi 
dence of age. bruising or a disorder of hemostasis/coagulation «s an indication for reduction of DEPAKOTE dosage or withdrawal of 


Hyperammonemia with or without lethargy or coma has been reported and may be present in the absence of abnormal liver function tests 
Li prem mg elevation occurs, DEPAKOTE should be discontinued. 

Since (OTE (divalproex sodium) may interact with concurrently administered antie ileptic drugs. periodic serum ivel determina 
tions of concomitant antiepileptic drugs are recommended during the early course of therapy. (See “Drug Interactions” section) 
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Three dosage strengths: 
125mg tablet; 250mg tablet; 
and 500mg tablet 


Valproate is partially eliminated in the urine as a keto-metabolite which may lead to a false interpretation of the unne ketone test. 

There have been reports of altered thyroid function tests associated with valproate The clinical significance of these ts unknown. 

Information for Patients: Since DEPAKOTE may produce CNS depression, especially when combined with another CNS depressant (e.g.. 
alcohol), patients should be advised not to engage in hazardous occupations, such as driving an automobile or operating dangerous machin. 
ery, until it is known that they do not become drowsy from the drug. 

Drug Interactions: Valproic acid may potentiate the CNS depressant activity of alcohol 

The concomitant administration of valproic acid with drugs that exhibit extensive protein binding (e-g.. aspirin, carbamazepine, and dicu- 
marol) may result in alteration of serum T. levels. 

THERE IS EVIDENCE THAT VALPROIC ACID CAN CAUSE AN INCREASE IN SERUM PHENOBARBITAL LEVELS BY IMPAIRMENT OF NON. 
RENAL CLEARANCE. THIS PHENOMENON CAN RESULT IN SEVERE CNS DEPRESSION. THE COMBINATION OF VALPROIC ACID AND 
PHENOBARBITAL HAS ALSO BEEN REPORTED TO PRODUCE CNS DEPRESSION WITHOUT SIGNIFICANT ELEVATIONS OF BARBITURATE 


DECREASED, IF APPROPRIATE 

Primidone ts metabolized into a barbiturate and, therefore, may also be involved in a similar or identical interaction. 

THERE HAVE BEEN REPORTS OF BREAKTHROUGH SEIZURES OCCURRING WITH THE COMBINATIUN OF VALFROIC ACID AND PHENY. 
TOIN. MOST REPORTS HAVE NOTED A DECREASE IN TOTAL PLASMA PHENYTOIN CONCENTRATION. HOWEVER. INCREASES IN TOTAL 
PHENYTOIN SERUM CONCENTRATION HAVE BEEN REPORTED. AN INITIAL FALL IN TOTAL PHENYTOIN LEVELS WITH SUBSEQUENT 
INCREASE IN PHENYTOIN LEVELS HAS ALSO BEEN REPORTED. IN ADDITION, A DECREASE IN TCTAL SERUM PHENYTOIN WITH AN 
INCREASE IN THE FREE VS. PROTEIN BOUND PHENYTOIN LEVELS HAS BEEN REPORTED. THE DOSAGE OF PHENYTOIN SHOULD BE 
ADJUSTED AS REQUIRED BY THE CLINICAL SITUATION. 

THE CONCOMITANT USE OF VALPROIC ACID AND CLONAZEPAM MAY PRODUCE ABSENCE STATUS. 

There is inconclusive evidence regarding the effect of valproate on serum ethosuximide levels Patients recewing valproate and etho- 
suximide. especially along with other anticonvulsants, shouid be monitored for alterations in serum concentrations o both drugs. 

Caution is recommended when DEPAKOTE (divalproex sodium) is administered with drugs affectiny coagulation. e.g. aspirin and warta- 
rin. (See “Adverse Reactions" section). 

Carcinogenesis: Valproic acid was administered to Sprague Dawley rats and ICR (HA/ICR) mice at doses of 0, 80 and 170 mg; 
kg/day for two years. Although a variety of neoplasms were observed in both species, the chief Pn e a tnc he mn 
crease in the incidence of subcutaneous fibrosarcomas in high dose male rats receiving valproic acid and a statistically signifi 
related trend for benign pulmonary adenomas in male mice receiving valproic acid. The significance otthese findings for man is unknown at 
present 

Mutagenesis: Studies on valproic acid have been pertormed using bacterial and mammalian systems. These studies have provided no 
evidence of a mutagenic potential for DEPAKOTE 

Fertility. Chronic toxicity studies in juvenile and adult rats and dogs demonstrated reduced spermatogenesis and testicular atrophy at 
doses greater than 200 mg/kg/day in rats and greater than 90 day in dogs. Segment | fertility studies in rats have shown doses up to 
350 ke prey 60 s have no effect on fertility. THE EFFECT OF DEPAKOTE (DIVALPROEX SODIUM) OW THE DEVELOPMENT OF 
" S ENS h PRODUCTION AND FERTILITY IN HUMANS IS UNKNOWN 

regnancy- Pregnancy Category D: arnings" section. 

Nursing Mothers: Valproate is excreted in breast milk. Concentrations in breast milk have been reported to be | 10% of serum concentra- 
tions. It is not known what effect this would have on a nursing infant. Caution should be exercised when DEPAKOTE is administered to a nurs- 
ing woman 


ADVERSE REACTIONS: Since valproic acid and its derivatives have usually been used with other antiepileptic drugs, it is not possible, 
in most cases, to determine whether the following adverse reactions can be ascribed to valproic acid alone. or the combination of drugs. 

Gastrointestinal: The most commonly reported side effects at the initiation of therapy are nausea, vomiting and indigestion. These effects 
are usually transient and rarely require discontinuation of therapy. Diarrhea, abdominal cramps and constipation have been reported. Both 
anorexia with some weight loss and increased appetite with weight gain have also been reported The-adminsstration of enteric-coated dival- 
proex sodium may result in reduction of gastrointestinal side effects in some patients? 

ONS Effects. Sedative effects have been noted in patients receiving valproic acid alone but are tound most atten in patients receiving 
combination therapy. Sedation usually disappears upon reduction of other antiepileptic medication. Tremor has been reported in patients re- 
ceiving valproate and may be dose-related Ataxia, headache. nystagmus, diplopia, asterixis. "spots before eyes.” dysarthria, dizziness, and 
— have rarely been noted. Rare cases of coma have been noted in patients receiving valproic acid alone or in conjunction with 
phenobarbi 


Dermatologic: Transient increases in hair loss have been observed Skin rash and erythema multiforme rarely have been noted 
Psychiatric: Emotional upset. depression. psychosis, aggression, hyperactivity and behavioral deterioration have been reported 


Hematologic. Thrombocytopenia has been reported. Valproic acid inhibits the secondary phase of platelet aggregation (See “Drug Inter 
actions" section). This may be reflected in altered bleeding time. Petechiae, bruising. hematoma formation, and frank hemorrhage have been 
reported. (See “Precautions” section). Relative eer Ot hypofibrinogenemia have been noted. Leukopenia and eosinophilia have 


Hepatic. Minor elevations of transaminases (e.g, SGOT and SGPT and LDH are frequent and appear to be dose related Occasionally, 
laboratory test results include, as well, increases in serum bilirubin and abnormal changes m other liver function tests. These results may re- 
flect potentially serious hepatotoxicity. (See “Warnings” section). 

Endocrine: There have been reports of irregular menses and secondary amenorrhea, and rare reports of breast enlargement and galactor- 
rhea occurring in patients receiving valproic acid and its derivatives. 

thyroid function tests have been reported. (See “Precautions” section). 


PE so argi There have been reports of acute pancreatitis, including rare fatal cases, occurring in patients receiving valproic acid and its 
tvatives 


Metabolic: Hyperammonemia. (See “Precautions” section) 
Hyperglycinemia has been reported and has been associated with a fatal outcome in a patient with preexisteat nonketotic hyperglycine- 


mia. 
Other: Edema of the extremities has been reported 


OVERDOSAGE: Overdosage with valproic acid may result in deep coma 

Since DEPAKOTE tablets are enteric-coated, the benefit of gastric lavage or emesis will vary wit" the time sce ingestion General sup- 
portive measures should be applied with particular attention being -l atma to the maintenance of adequate urinary output 

Naloxone has been reported to reverse the CNS ects of valproate overdosage Because naloxene could theoretically also 
reverse the antiepileptic effects of DEPAKOTE it should be used with caution. 


DOSAGE AND ADMINISTRATION: DEPAKOTE is administered orally. The recommended initia! dose is 15 mg/kg/day, increasing at 
one week intervals by 5 to 10 mg/kg/day until seizures are controlled or side effects preclude further increases. The maximum recommend- 
ed dosage ts 60 day. f the total daily dose exceeds 250 mg. it should be en in a divided regimen. 

Conversion from DEPAKENE to DEPAKOTE: In patients previously receiving DEPAKENE (valproic acid) therapy. DEPAKOTE should be ini- 
tiated at the same total daily dose and dosing schedule? After the patient is stabilized on DEPAKCTE, a twice a day or three times-a-day 
schedule may be instituted in selected patients 

The frequency of adverse effects icularly elevated liver enzymes) may be dose-related The benefit of improved seure control 
which may accompany higher doses should therefore be weighed against the possibility of a greater mcidence of adverse reactions. 

A good correlation has not been established between daily dose. serum level and therapeutic effect. However, therapeutic valproate 
e levels for most patients will range from 50 to 100 mcg/ml. Occasional patients may be controlled with serum levels lower or higher 

is 


t the DEPAKOTE dosage is titrated upward, blood levels of phenobarbital and/or phenytoin may be affected (See “Precautions” sec- 
hon, 


f - experience G L irritation may benefit from administration of the drug with food or bysiowly builcing up the dose from an ini 
tial low level. 


HOW SUPPLIED: DEPAKOTE (divalproex sodium enteric-coated tablets) are supplied as 
125 mg salmon pink-colored tablets 


Bottles of 100 (NDC 0074-6212-13) 
250 mg peach-colored tablets- 
Bottles of 100. (NDC 0074-6214-13) 


Abbo-Pac* unit dose packages of 100. 


(NDC 0074-6214.11) 
500 mg lavender-colored tablets. 


Bottles of 100... (NDC 0074-6215-13) 
Abbo-Pac* unit dose packages of 100 (NOC 0074-6215-11) 
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MIDAS REX INSTITUTE 


LOS ANGELES/ANAHEIM HANDS-ON WORKSHOPS 


“Modern Dissection Techniques Of Bone, Bioplastics and Biometals" 
Neurosurgical Symposia (NEURO 700) 


MARCH 2€-27-28 - 30-31-Apr.1 MAY 11-12-13 JULY 23-24-25 
APRIL 22-23-24 JUNE 1-2-3 AUGUST 31-Sept. 1-2 


The Werkshops wail emphasize a series of hands-on exercises, utilizing appropriate animal bones, skeletal bones, sss 
biowlastics ane beometals for dissection in the cranium and spine. Methylmethacrylate and biometals as they relate ===> 
to neurosurgesy will also be considered. 

The Midas Re» Hands-On Workshops will be held each day from 7:00 am to 1:00 pm at the permanent instruc- 
tioral facility, €25 West Katella, Unit 22, Orange, California. The afternoons and evenings are free to enjoy some 
of tne many at-actions that the Anaheim area has to offer such as: : 
SIGHTZEEING—D'sneyland, Knott's Berry Farm with 165 attractions and rides, Movieland, Pacific Amphi- =~ - = = 
theatre which ss Orange County's outdoor theater. Other convenient attractions are NBC | = rf 
Studios, ABC Stuciios, Marineland, San Diego Zoo, Sea World in San Diego and the 
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beaches whic’ are 20 minutes away. 


SPECTATOR SOCRTS-Baseball with the California Angels, football with the Los 
Angeles Rams. aad horse racing at Los Alamitos and Santa Anita. 


off the-Califormia coastline. 


PARTICIPANT SPORTS—Golf, tennis, racquetball, swimming, and sport fishing SS = = 


FGOD-—5,000 -estaurants in Orange County are serving everything from 
Centirental tc eMnic cuisine. Fifty percent of the restaurants have re- 
J ceyec the Soathern California Restaurant Writers award. 


Send 2tier and check payable to "Los Angeles/Anaheim Symposium: 
Please indicat- the cates of the symposium you would like to attend. 
Surgeon—US $965.00; Resident-US $585.00 (with letter from 
Department bead); OR/Tech/Ass't.—US $250.00. Mail to: 


Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 76111 
Prone (800) «32-7639, In Texas: (817) 831-2604 


NEUROLOGIST 


To jein meltispecialty group in 
 beaut&fsl Nertheastern Kentucky. 
Smaller university community with 
pleasant orteoor activities and 
| sport: locasec 60 miles east of 


Lexington. Service area, 100,000. 


Contact: 
Richard W. Carpenter, MD 
Merehead Clinic 
234 Medical Circle 
Morenead. KY 40351 
606-734-6641 


Photo: € 1986 The Walt Disney Company 
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The Department of Neurology of 
Loyola University of Chicago has a 
fellowship available in clinical neu- 
rophysiology. The candidate should 
be board eligible in Neurology. The 
fellow will acquire experience in 
electroencephalography, evoked 
potentials and brain mapping, and 
will participate in ongoing research 
in the field of clinical neurophysiol- 
ogy. The University is an equal 
opportunity affirmative action em- 
ployer. 


Send CV to: 

G. G. Celesia, M.D., Chairman 
Department of Neurology 
Loyola University Medical Center 
2160 S. First Avenue 
Maywood, IL 60153 
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THE NATIONAL 
NEUROFIBROMATOSIS 
FOUNDATION 


announces the availability of 
RESEARCH FELLOWSHIPS 


which will provide salary support not to 
exceed $25,000 annually for periods up to 
two years. 


and 


RESEARCH GRANTS 


which will provide up to $25,000 for one 
year for research on the cause and 
treatment of neurofibromatosis. 


Deadline for filing applications for awards 
to be activated during the 1987-1988 
academic year is April 15, 1987. 


For information or applications 
please contact: 


The National Neurofibromatosis 
Foundation 
141 Fifth Avenue, Ste. 7-S 
New York, NY 10010 










PARLODEL’ therapy 


(bromocriptine mesylate} 


ERS | Levodopa/carbidopa 
Levodopa in combination with a decarboxylase inhibitor. thera py 


© 1987 Sandoz Pharmaceuticals Corporation 





' E. y 'à zi e; 
E Ac xil ea NNUS T rw Wet 
n | > 7 $ - - $ ? v $ -ý ` SA =r A 25. 
» + ag ù A ` a YS 45 
- ^ Apr y ! = Bes dcs i r 4 : 
E Per A, i ~ ¢ 
"T ^ x b r x = P - 32 " e pa m í . 4 
* st = . - e. í $ ae | Mec I y cl = pe "n < 
Js ij , ` E ae egt V ES i A "T 5 TEF 
4 ="; s XN | " 3 n Aas E - ee Tse | - | ¢ 
4 = T =i 3 
d X — , 4 4 
"TP E E 1 j = AF 
re - £u "C ct 
‘ & gu 4v ee S os e I" ie 
1 Ra Li C me 
" - ^ kd. ° 
m : : 
$ $ » $? "E ^ 
á AT E ten Lic 
(4 E am 
- 
(us 
V 1 
E 
4 1 d r 
f: : 
ud E « ] ^ Xa] 
| A oi 
y L3 i to 
Ey 
y t 
' 
í 


ros | romero mesylate) 


E 4 
a a 
Ty / 


3. Utes 2 
s4 t 

E ka A "m^ 
hee 

at 

HIT 


, a j 
Mr m. 


Lo | ACC. "f 
A unn 
| f ti E , X kun 


E IMPROVED CONTROL NOW 
-AKD FEWER COMPLICATIONS LATER. 


Wher levodopa therapy is required for your Parkinson's 
_ patients fhe early addition of PARLODEL (bromocriptine 


 mesylats;... 
NL ACHIEVES EFFICACY EQUAL OR SUPERIOR TO LEVODOPA 
ALONE — bui with significantly lower doses of 


levodopa’? 
_) HELPS AVOID OR MINIMIZE COMPLICATIONS commonly 


found wth long-term, high-dose levodopa 
monotherapy” 


PARŁODELË mmecriptine ag ee and levodopa* combined 
(n = 28 compared with levodopa* alone (n = 217) 


% Improvement in End of dose 
porxinsoniar symptoms disturbances Dyskinesia 
*Leeaiona in comfiination with a decarboxylase Bromocriptine 
infitttor and Levodopa 
a ^» parkinsonian disability pane. 
cceoremg to me Columbia University Rating E] Levodopa 


4 <r pip tuis tha fo oe r^ ^ 
§p DD Eas cor pased to ne. Adapted from Rinne UK.? 


Studiesnave saown that nausea, confusion, 
hypocmsion, kallücinations occur more fre- 
quen*win PARZODEL* (bromocriptine mesy- 
late) tecred patients than in those patients 
Ih leroeopa/carbidopa. These 
eactonsare sererdlly dose dependent. 


IS. Please see prescribing information 
#` on faliawing page. A 
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Instead of increasing 


levodopa dosage 


ADD PARLODEL NOW 





(bromocriptine mesylate) 


TABLETS: 24/2 mg CAPSULES: 5 mg 











Begin early with low doses and a slow titration 


I | 


When patients are stabilized: 
PARLODEL" Capsules, 5 mg 
for easier dosage and improved compliance 
References: ae T | PRECAUTIONS 
1. on E E omn 1 vim be B pins General 
Of Farkinsons disease, in Fann o, Marsden UU, Jenner | ods): Safety and efficacy of Parlodel® (bromocriptine mesylate) have not been 
roaches to the Use of Bromocriptine in Parkinson's Disease. New York, ; Teen ; ny 
Rag Health Care Gammunionk, 1985, pp 7-M. established In patients with renal or hepatic disease. 
2. Fischer P-A, Przuntek H, Majer M et al: Combined treatment of early stages of Parkinson's Disease 
Parkinson's syndrome with bromocriptine and levodopa: A multi-center Safety during long-term use for more than two years at the doses re- 
evaluation. Dtsch Med Wochenschr 109(34):1279-1283, 1984. quired for parkinsonism has not beenestablished. 


= 


Rinne UK: Combined bromocriptine-levodopa therapy early in Parkinson's 
disease. Neurology 35:1196-1198, 1985. 





PARLODEL* 
bromocriptine mesylate) tablets, USP 
ail dg mesylate) capsules 
INDICATIONS AND USAGE 
Parkinson's Disease l 
Parlodel* (bromocriptine mesylate) tablets or capsules are indicated in 
the treatment of the signs and symptoms of idiopathic or postencepha- 
litic Parkinson's disease. As adjunctive treatment to levodopa (alone or 
with a peripheral decarboxylase inhibitor), bromocriptine may provide 
additional therapeutic benefits in those patients who are currently main- 
tained on optimal dosages of levodopa, those who are beginning to de- 
teriorate (develop tolerance) to levodopa therapy, and those who are ex- 
periencing "end of dose failure" on levodopa therapy. Bromocriptine 
may permit a reduction of the maintenance dose of levodopa and, thus, 
may ameliorate the occurrence and/or severity of adverse reactions as- 
sociated with long-term levodopa therapy such as abnormal involuntary 
movements eg. md the marked swings in motor func- 
tion ("on-off' phenomenon). Continued efficacy of bromocriptine dur- 
ing treatment of more than two years has not been established. 

ata are insufficient to evaluate potential benefit from treating newly 
diagnosed Parkinson’ disease with bromocriptine. Studies have 
shown, however, significantly more adverse reactions (notably nausea, 
hallucinations, confusion and hypotension) in bromocriptine treated pa- 
tients than in levodopa/carbidopa treated patients. Patients unrespon- 
sive to levodopa are poor candidates for bromocriptine therapy. 
CONTRAINDICATIONS 


Sensitivity to any ergot alkaloids. 
WARNINGS 


Symptomatic hypotension can occur in patients treated with Parlodel* 
(bromocriptine mesylate) for any indication. Care should be exercised 
when bromocriptine is administered concomitantly with other medica- 
tions known to lower blood pressure. 

Long-term treatment (6-36 — with Parlodel* (bromocriptine 
mesylate) in doses ranging from 20-100 mg/day nas been associated 
with pulmonary infiltrates, pleural effusion and thickening of the pleura in 
a few patients. In those instances in which bromocriptine treatment was 
terminated, the changes slowly reverted towards normal. 


As with any chronic therapy, periodic evaluation of hepatic, hematopoi- 
etic, cardiovascular and renal function is recommended. Symptomatic 
hypotension can occur and, therefore, caution should be exercised 
when treating patients receiving antihypertensive drugs. 

High doses of Parlodel* (bromocriptine mesylate) may be associated 
with confusion and mental disturbances. Since parkinsonian patients 
may manifest mild degrees of dementia, caution should be used when 
treating such patients. 

Bromocriptine administered alone or concomitantly with levodopa 
may Cause hallucinations (visual or auditory). Hallucinations usually re- 
solve with dosage reduction; occasionally, discontinuation of bromo- 
criptine is required. Rarely, after high doses, hallucinations have per- 
sisted for several weeks following discontinuation of bromocriptine. 

As with levodopa, caution should be exercised when administering 
bromocriptine to patients with a history of myocardial infarction who 
have a residual atrial, nodalor ventricular arrhythmia. 

DRUG INTERACTIONS 


Lack or decrease in efficaey may occur in patients receiving Parlodel* 
(bromocriptine mesylate) when they are treated concurrently with drugs 
which have d ine antagonist activity e.g. phenothiazines, 
butyrophenones. This may be a problem particularly for patients treated 
with Parlodel* (bromocriptine mesylate) for macroadenomas. 
ADVERSE ONS 
Parkinson's Disease 
In clinical trials in which Parlodel® (bromocriptine mesylate) was ad- 
ministered with concomitant reduction in the dose of levodopa/car- 
bidopa, the most commen newly appearing adverse reactions were: 
nausea, abnormal involuntary movements, hallucinations, confusion, 
“on-off” phenomenon, dizziness, drowsiness, faintness/fainting, vomit- 
ing, asthenia, abdominal discomfort, visual disturbance, ataxia, insom- 
nia, depression, hypotension, shortness of breath, constipation and ver- 
0. 

ss common adverse reactions which may be encountered include: 
anorexia, anxiety, blepharospasm, dry mouth, dysphagia, edema of the 
feet and ankles, erythrometalgia, epileptiform seizure, fatigue, headache, 
lethargy, mottling of skin, nasal stuffiness, nervousness, nightmares, 
paresthesia, skin rash, urinary frequency, urinary incontinence, urinary 
retention, and rarely, signs and symptoms of ergotism such as tingling 
of fingers, cold feet, numibness, muscle cramps of feet and legs or 
exacerbation of Raynaud’ syndrome. 


DAILY TOTAL 


After 2-4 weeks as recuired 


Continue dosage increments as needed. 











'At.i.d. dosage may give better results in some patients. 


Abnormalities in laboratory tests may include elevations in blood urea 
nitrogen, SGOT, SGPT, GGPT, CPK, alkaline phosphatase and uric acid, 
which are usually transient and not of clinical significance. 

DOSAGE AND ADMINISTRATION 

General 

It is recommended that Parlodel® (bromocriptine mesylate) be taken 
with food. Patients should be evaluated frequently eX dose escala- 
tion to determine the lowest dosage that produces a therapeutic re- 
Sponse. 

Parkinson's Disease 

The basic principle of Parlodel® (bromocriptine mesylate) therapy is to 
initiate treatment at a low dosage anc. on an individual basis, increase 
the daily dosage slowly until a maximum therapeutic response is 
achieved. The dosage of levodopa during this introductory period should 
be maintained, if possible. The initial dose of bromocriptine is one-half of 
a 2 1/2 mg tablet twice daily with meals. Assessments are advised at 
two-week intervals during dosage titration to ensure that the lowest dos- 
age producing an optimal therapeutic response is not exceeded. If 
necessary, the dosage may be increased every 14 to 28 days by 2 1/2 mg 
per day with meals. Should it be advisable to reduce the dosage of 
levodopa because of adverse reactions, the:daily dosage of bromocrip- 
tine, if increased, should be accomplished gradually in small (2 1/2 mg) 
increments. 

The safety of bromocriptine has not been demonstrated in dosages ex- 


ceeding 100 mg per day. 

Tablets, 2 1/2 mg 

Round, white, scored tablets, each cantaining 2 1/2 mg bromocriptine 
(as the mesylate) in packages of 30 (NDC 0C78-0017-15). Embossed 
“PARLODEL 2 1/2” on one side and scared on reverse side. 

Capsules, 5mg 

Caramel and white capsules, each containing 5 mg bromocriptine x 
the mesylate) in packages of 30 (NDC 0078-0102-15) and 100 (N 
0078-0102-05). Imprinted “PARLODEL 5 mg" on one half and “ S " 
on other half. 

Store and Dispense 

Below 77°F; tight, light-resistant container. 

Before prescribing or administering, see package circular for full prod- 
uctinformation. [PAR-215 ^ 6/10/86] 


SANDOZPHARMACEUTICALS 


Corporation, E. Hanover, NJ107936 (201) 386-7500 
PAR-487-8 


Instructions for Authors 


Send manuscripts by first-class mail to the Chief Editor, Robert 
J. Joynt. MD, PhD. University of Rochester School of Medicine and 
Dentistry, 501 Elmwood Ave, Rochester, NY 14642. Manuscripts 
are received with the understanding that they are not under 
simulta-eous consideration by another publication. Accepted 
manusczpts beeome the permanent property of the ARCHIVES and 
may no be published elsewhere without permission from the 
publisher (AMA). 


In addition, in view cf The Copyright Revision Act of 1976, effective 
Jan 1, 1978, transmitta. letters to the editor should contain the following 
language “in censideration of the American Medical Association's 
taking action in reviewing and editing my submission, the author(s) 
undersigned hereby transfers, assigns, or otherwise conveys all copyright 
ownership te the AMA in the event that such work is published by the 
AMA.” Xe wegret that transmittal letters not containing the foregoing 
language signed by all authors of the submission will necessitate delay in 
review o: the manuscript. 


Author Responsibility.—All accepted manuscripts are subject to 
copy editing. The author will receive an edited typescript rather 
than ga ley proefs for approval. The author is responsible for all 
statemeats in his work, including changes made by the copy 
editor. 

Designate one author as correspondent and provide his address 
and teleshone number. Order reprints at the time the typescript is 
returnee after editorial processing. Specify address to which 
requests for reprints should be sent. 


Manuseript Preparation.—Submit an original typescript and two 
high-quality copies of the entire manuscript. All copy (including 
references, legends, and tables) must be typed double-spaced on 
21.6 X 27.9-em (8% X 11-in), heavy-duty white bond paper. Ample 
margins of at least 2.5 em (1 in) should be provided. If a word 
processor is used. do net justify right-hand margins. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not be used 
in the text, tables, or illustrations. 


Titles.— Titles should be short, specific, and clear. They should 
not exceed 42 characters per line, including punctuation and 
spaees, anc be limited to two lines, if possible. The title page 
should -mclude the full names and academic affiliations of all 
authors, the address to which requests for reprints should be sent, 
and, if the manuscript was presented at a meeting, the name of the 
organization, place, and date on which it was read. 


Style of Writing.—The style of writing should conform to 
acceptable English usage and syntax. Slang, medical jargon, 
obscure abbreviations, and abbreviated phrasing are to be 
avoided. 


Informed Consent.— Manuscripts reporting the results of experi- 
mental investigationsof human subjects must include a statement 
to the efect that informed consent was obtained after the nature 
of the p»ocedure(s) had been fully explained. 


Abstract.— Provide an abstract (135-word maximum) of the 
article, mcluding statements of the problem, method of study, 
results, and conclusions. The abstract replaces the summary. 


Refereaces.—Lis* references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should b» te the original number. All references must be cited in 
the text »r tables. Unpublished data and personal communications 
should rot be listed as references. References to journal articles 
should melude (1) author(s), (2) title, (3) journal name (as 
abbreviated in index Medicus), (4) year, (5) volume number, and 
(6) inclusive page numbers, in that order. References to books 
should imclude (1) author(s), (2) chapter title (if any), (3) editor (if 
any), (4)«itie of book, (5) city of publication, (6) publisher, and (7) 
year. Vclume and edition numbers, specific pages, and name of 
translater should be included when appropriate. The author is 
responsible for the aecuracy and completeness of the references 
and for heir correct text citation. 
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Metrication (and SI Units).— All measurements must be in metric 
units, with Système International (SI) unit equivalents given 
parenthetically, in accordance with AMA policy. (See June 1986 
issue of the ARCHIVES.) 


Illustrations.— Use only those illustrations tha: clarify and aug- 
ment the text. Submit illustrations in triplicate, unmounted and 
untrimmed. Do not send original artwork. Send high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating "top" should be typed on a gummed 
label and affixed to the back of each illustration. All lettering 
must be legible after reduction to column size. Artwork submitted 
for publication may be relettered to achieve uniformity of letter- 
ing style throughout the journal. Magnification and stain should 
be provided when pertinent. Illustrations should preferably be in a 
proportion of 12.7 X 17.3 em (5 X 7 in). 

An experienced medical illustrator should be employed whenev- 
er possible for the preparation of all artwork. Template lettering 
or preset type is preferred to hand-lettered labels. If halftone 
artwork with labels is submitted, affix type and leaders to a clear 
acetate overlay registered to the base drawing. Labels and leaders 
should be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deductirg the ARCHIVES' 
contribution, the author's share is $400 for up to six square- 
finished illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed to the 
author at cost. Positive color transparencies (85 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 


Legends.— Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum 
of 40 words. 


Photographic Consents.—A letter of consent must accompany all 
photographs of patients in which a possibility of identification 
exists. It is not sufficient to cover the eyes to mask identity. 


Acknowledgments.—Illustrations from other publications must 
be acknowledged. Include the following when applicable: 
author(s), title of article, title of journal or book, volume number, 
page(s), month, and year. The publisher's permission to reprint 
should be submitted to the ARCHIVES after the manuscript has 
been formally accepted. 


Statistical Review.—Manuscripts containing s:atistical evalua- 
tions should include the name and affiliation of the statistical 
reviewer. 


Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-em (8% X 11-in) 
paper. Do not use larger size paper. If a table must be continued, 
use a second sheet and repeat all heads and stubs. Each table must 
have a title. 


Financial Disclosure.—In the cover letter, list all affiliations 
with, or financial involvement in, organizations or entities with a 
direct financial interest in the subject matter or material of the 
research discussed in the manuscript (eg, employment consultan- 
cies, stock ownership). All such information will be held in 
confidence during the review process. Should the manuscript be 
accepted, the Chief Editor will discuss with the author the extent 
of disclosures appropriate for publication. 


AMA Manual for Authors & Editors.—' This 1981 edition, formerly 
the Stylebook/Editorial Manual of the AMA, is available from 
Lange Medical Publications, Drawer L, Los Altos, CA 94023. 
Single copy price: $13. Discounts are 10% for three to five copies 
and 15% for six or more copies. A shipping charge is added on all 
orders. 
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WEST PALM BEACH ©) MIDAS Pox INSTRUTS s 
“Modern Dissection Techniques Of Bone, Bioplastics and Biometals" 


Neurosurgical Symposia (NEURO 700) 
MARCH 5-6-7 : 16-17-18 * 30-31-Apr. 1 JUNE 4-5-6 + 22-23-24 
APRIL 22-23-24 AUGUST 27-28-29 
MAY 18-19-20 SEPTEMBER 3-4-5 + 21-22-23 


WORKSHOPS: The Workshops will emphasize a series of hands-on exercises, utilizing appropriate animal bones, skeletal bones, bioplastics and 
biometals for dissection in the cranium and spine. Methylmethac-^ylate and biometals as they relate to neurosurgery will also be considered. 

The Midas Rex Hands-On Workshops will be held each day from 7:00 am to 1:00 pm at the permanent instructional facility, 529 25th Street, 
West Palm Beach. The afternoons and evenings are free to enjoy some of the many activities that the Palm Beach area has to offer such as: 













SPECTATOR SPORTS —Baseball, Jai Alai, Greyhound Racino, Polo, Golf, Tennis, 

Sailing. 

PARTICIPANT SPORTS Golf, tennis, swimming, sailing, racquetball. 

ATTRACTIONS—Lion Country Safari, Whitehall (Henry Flagier mansion), Hibel 
& Museum of Art, Science Museum, Morikami Museum, Norton Art Gallery, 

Society of the Four Arts. 

SHOPPING —in the old world style is Worth Avenue with some cf the best boutiques 

in the world and many other malls and stores throughout Falm Beach Soun 

DINING—There are 2,000 restaurants to jx, 

choose from in the area with many boast-% re 

ing 5 star ratings. "t e 

























ENROLLMENT: Send letter and check pay- 
able to "Palm Beach Symposium? Surgeon— 
US $965.00; Resident—US $585.00 (with let- 44 
ter from Department Head); OR/Tech/Ass't.— AEN" ; 
US $250.00. 4 

Mail to: 
Midas Rex Institute, 3001 Race Street, Fort 
Worth, Texas 76111 Phone (800) 433-7639, 
In Texas: (817) 831-2604 
























Neurologist 


Faculty position available for Board Certified or Board Eligible 
neurologist who will participate in research, clinical, and 
teaching activities of the Georgetown University School of 
Medicine and the Georgetown Hospital, which is a major site 
for the training of residents and medical students and houses 
especially strong clinical programs in the areas of stroke, 
neuro-ophthalmology, epilepsy, and electrophysiology. The 
incumbent should have demonstrated competence in basic 
research. There are unusually superb opportunities for 
incumbent to develop his/her own research program and 
especially favorable opportunities exist in areas related to 
neuroimmunological and neuromuscular disorders. Appoint- 
ment will be at the Associate Professor level depending upen 
qualifications. Send C.V., supporting documents, and names 
of three references to: 


Jonathan H. Pincus, M.D. 
Professor and Chairman 
Department of Neurology 
Georgetown University 
School of Medicine 
3800 Reservoir Road, N.W. 
Washington, D.C., 20007 


AIDS SYMPOSIUM 


Mt. Sinai Medical Center, New York City 
Saturday, April 4, 1987 Yam - 6pm 


Peter Herman, M.D. — Course Director 
David M. Simpson, M.D. — Assoc. Course Director 


Topics Include: 


. Infectious Diseases 5. Mental Health 
. Epidemiology 6. Oncology 

. Virology 7. Pediatrics. 

. Neurology 8. Therapeutics 


Guest Speakers from NIH, Mass. General Hospital, Uni- 
versity of California, CDC Georgia, Faculty of Mt. Sinai 
Medical Center and Salpetriere Hospita!, Paris, France. 


Fees: $75 
$25 — Residents, Interns and Mec. Students 
Credit Hours: 8 


Send Check to: 


Peter Herman, M.D. 
AIDS SYMPOSIUM 
Mt. Sinai Medical Center PO Box 1282 
New York, New York 10029 


Georgetown Medical School is an equal opportunity affirma- 
tive action employer. 








For the Leading Edee in 
Electrophysiologic Technology, 


Its the Nicolet Pathfinder! 


The Nicolet Pathfinder is the 

premie- el?ctrophysiologic 

testing. menitoring and 

analysi. system for the OR/ 

ICU, laboratery and clinic. It 

provides unequalled power, 
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Tribute to Sir William Gowers and 
A Manual of Diseases of the 
Nervous System 


To the Editor. —This is the 100th anni- 
versary of the publication of A Manu- 
al of Diseases of the Nervous System 
by Sir William Gowers. Why com- 
memorate an old textbook of clinical 
neurology in this day of advanced 
diagnostic and therapeutic technolo- 
gy, immunobiology, and molecular 
biology? Because, although 100 years 
old, it is not outdated. I still feel a 
thrill when I read Gowers’ clinical 
observations. They are not only bril- 
liant and still valid, but many of his 
insights have pointed the way to mod- 
ern scientific investigation. When I 
read his descriptions I am reminded 
of the clear beauty of the Jliad. I am 
inspired. I am inspired to go back to 
the bedside, to sit, listen, and look 
again to see what more can be har- 
vested. Go, read the current descrip- 
tions of epileptic seizures and motor 
system disease and the multitude of 
other entities and enjoy Gowers’ 
unsurpassed clarity. 

I have spoken to current neurologic 
residents who are quite unfamiliar 
with Gowers and, for that matter, 
Jackson and Sherrington. To some the 
world before computed tomography is 
the world of ancient Greece and Rome 
faded into history. 

Neurology was, is, and I hope 
always will be a clinical bedside disci- 
pline. The story is unfolded by the 
patient and the neurologic findings 
reveal the nervous system. That is 
why I remain excited and fascinated 
day after day after day, patient after 
patient after patient. 

Does that mean we should not 
appreciate the new technology? Not at 
all. The brain imaged by computed 
tomography, magnetic resonance, or 
position emission tomography is more 
striking than the wildest and fondest 
dreams of neurologists since the 
beginning of medicine. The immuno- 
logic studies and advances of other 
basic mechanisms and molecular biol- 
ogy are as exciting as progress and the 
future itself. 

So let us now, 100 years later, com- 
memorate Sir William Gowers and 
his Manual of Diseases of the Nervous 
System. Let us celebrate one of the 
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giants who gave us some of our begin- 
nings. I believe that if Gowers were 
here today, he would be first and 
foremost in pushing us toward the 
future and the understanding of the 
basic mechanisms of neurobiology 
and its dysfunctions. He taught us 
what and how to observe and what 


questions to ask. 
MALVIN COLE, MD 
246 S Washington 
Casper, WY 82601 


1. Gowers WR: A Manual of Diseases of the 
Nervous System. London, J & A Churchill, 1886. 


Improvement of Neurologic 
Function in Chronic 

Inflammatory Demyelinating 
Polyradiculoneuropathy Following 
Intravenous *-Globulin Infusion 


To the Editor.—Recently, Dyck et al! 
reported that plasma exchange 
produces improvement in patients 
with severe chronie inflammatory 
demyelinating polyradiculoneuropa- 
thy (CIDP) when treatment is begun 
early in the eourse of the disease. The 
cause of the CIDP is unknown, but an 
abnormality of immunity has been 
presumed. 

Immunoglobulin has been shown to 
suppress the patient's own antibodies 
or act through a blockade of the retic- 
uloendothelial system, and immuno- 
globulin infusions have been sug- 
gested to be beneficial in patients 
with immune disorders.^ This sug- 
gested a rationale for immunoglobulin 
infusion in a patient with CIDP 
and hypogammaglobulinemia. The 
marked clinical improvement follow- 
ing such therapy prompted this 
report. 


Report of a Case. —A 41-year-old woman 
presented at our institution with worsen- 
ing neuropathic pain and decreasing motor 
function over the previous month. A diag- 
nosis of CIDP had been established by 
biopsy eight years previously. She had 
been managed on maintenance prednisone 
therapy with high-dose pulse prednisone 
for exacerbations, with only minimal 
response. She also failed to respond to 
azathioprine and plasmapheresis. 

Examination on admission showed 
appendicular muscle wasting, most 
marked distally. Proximal limb strength 
was 4/5, while distal strength was 2+/5. 
There were no fascieulations. Peripheral 
numbness and hyperalgesia were present, 


with areflexia. A prominent tremor was 
seen in the distal muscles of the upper 


. extremities, which was irregular with vari- 


able amplitude and most prominent in 
sustained postures, as has been associated 
with acute relapses of this disorder. 

Prednisone dosage was increased from 
the maintenance dosage of 55 mg daily to 
100 mg per day orally. She developed mul- 
tiple cutaneous infections including oral 
candidiasis and cellulitis that were refrac- 
tory to standard medical management. In 
addition, she showed no improvement of 
her neurologic manifestations. Results of 
immunologic studies showed a decrease in 
IgG (415 mg/dL [4.15 g/L]; normal level, 
639 to 1349 mg/dL [6.39 to 13.49 g/L]) and 
IgA (60 mg/dL [0.6 g/L]; normal level, 70 to 
312 mg/dL [0.7 to 3.12 g/L]). The T and B 
cell lymphocyte subsets were normal. 

The patient was given intravenous y- 
globulin infusion (Sandeglobulin) in an 
effort to treat her multiple infections. 
After receiving a y-globulin (0.4 g/kg/d) 
for five days, the oral candidiasis and 
cellulitis resolved within one week and 
serum IgG improved to 2030 mg/dL (20.3 
g/L). IgA was 81 mg/dL (0.81 g/L), and 
IgM was 119 mg/dL (1.19 g/L). Concomi- 
tantly, her postural tremor resolved com- 
pletely and distal strength improved from 
2+/5 to 4+/5. As an example, prior to 
intravenous y-globulin treatment the 
patient was unable to maintain her wrist 
extensors and interossei against gravity, 
resulting in a wrist drop and inability to 
hold a cup. Five days after discontinuation 
of intravenous y-globulin therapy she was 
able to dorsiflex her hands against gravity 
and to manipulate objects. Areflexia and 
hyperalgesia persisted. 

The steroid dosage was subsequently 
tapered from 60 mg to 20 mg daily, the 
lowest dose in five years, and she has 
maintained her neurologic improvement 
for the past six months. 


Comment.—The mechanism by 
which intravenous 4-globulin infusion 
may have influenced the neurologic 
recovery of this patient remains to be 
elucidated. An appropriate clinical 
trial with this therapeutic modality 


seems indicated. 

MAURICE ALBALA, MD 

M. EILEEN McNamara, MD 

MICHAEL SOKOL, MD 

Ep WysHock, MD 

Departments ef Clinical Hematology 
and Psychiatry 

Rhode Island Hospital and Brown 
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593 Eddy St 

Providence, RI 02902 
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Cerebrospinal Fluid IgG Changes in 
Neurosyphilis After High-Dose 
Penicillin G Treatment 


To the Ecitor.—We read with interest 
the report by Bayne et al' concerning 
acute syphilitic. meningitis and its 
occurrenee after clinical and serologic 
eure of secondary syphilis with peni- 
cillin & benzathine therapy. We want 
to point attention to the cerebrospinal 
fluid (CST) examination showing the 
feature of intrathecal IgG synthesis 
as ascertained by increased IgG frac- 
tions and oligoclonal bands. Intrathe- 
eal IgG synthesis is a well-known 
phenomenon in neuresyphilis, as well 
as in other imfectious diseases of the 
centra! nervous system (CNS); oligo- 
clonal bands in neuresyphilis contain 
specifie antibodies against Trepone- 
ma pailideem antigens. Unfortunate- 
ly, in the article by Bayne et al, the 
CSF examinations following high- 
dose intravenous penicillin G sodium 
treatment dic not include the electro- 
phoretic =paration of IgG, so that it 
is not possible to know if oligoclonal 
bands were stil present. There are 
few repor-s about the effect of penicil- 
lin therapy on the CSF IgG pattern in 
neurosypkilis: in an isolated case,’ the 
cligoclenal pattern was seen to persist 
I8 morth: after adequate treatment, 
while in aaother report? the oligoclon- 
al bands were still cbserved two to 
eight months after the end of the 
penicillin therapy (total dose, 20 mil- 
lion Intemational Units) We have 
recently ooserved two cases of neuro- 
syphilis, and we were able to perform 
the CSF e-amination before and after 
several cy-les of high-dose penicillin 
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WECs, / mm* 
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mg/d ‘normal, 

«3.0 mg/:) 55.25 10.30 


CSF Findings Before and After Therapy * 











After Therapy 


1 (0.001X109/L) 12 (0.012X109/L) 0.5 (0.0005X 109/L) 


OGB, No: 4 0 5 1 
= - + + 


VDRL or TPHS+ 


intravenous infusion. Cerebrospinal 
fluid and serum examinations in both 
cases included: CSF cell count, CSF 
and serum albumin, IgG evaluation 
with an immunonephelometric meth- 
od, calculation of Link and Tibbling's 
IgG index* and Tourtellotte and Ma's 
formula’ (IgG synthesis, milligrams 
per day), and isoelectric focusing in a 
pH range of 3.5 to 9.5 as previously 
described.* 


Report of Cases.—CASE 1.— The patient 
underwent two cycles of high-dose penicil- 
lin G potassium treatment, the former 
with 9 million International Units per day 
in three slow intravenous infusions for ten 
days, the latter three months after the 
former, with 18 million International 
Units per day in three slow intravenous 
infusions for ten days. 

CASE 2.— The patient underwent several 
cycles of penicillin G potassium treatment 
during seven months, with a total injection 
of 84 million IU, of which 60 million Inter- 
national Units were administered in the 
first five days. The Table shows the results 
before and after therapy: intrathecal IgG 
production was reduced in both cases, and 
the several oligoclonal bands disappeared 
in case 1 and were limited to one faint 
fraction in case 2. 


Comment.—A persistence in time of 
the oligoclonal intrathecal production 
may depend on a continued antigenic 
stimulation; therefore, a complete 
eradication of syphilitic infection 
with the disappearance of the CNS 
T pallidum antigens may lead to the 
reduction of the restricted heteroge- 
neity response with the eventual dis- 
appearance of the oligoclonal bands. 
This result may be achieved only with 
high concentration of penicillin G, 
such as in the first case herein 
described, and possibly in the case of 
Bayne et al. On the contrary, low 
doses of penicillin, like those usually 
employed in the treatment of syphilis, 
may not be always effective in eradi- 


Case 2 
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Before Therapy After Therapy 





0.90 0.82 


28.02 16.70 


* CSF indicates eerebrospinal fluid; WBCs, white blood cells; OGB, oligoclonal bands of IgG; and TPHA, 


Trieponems pallidum hemagglutination. 
TPlus sign indicates positive result. 
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cating T pallidum infection, leading to 
the possibility of progression to fur- 
ther manifestations of the disease. In 
accordance with the article by Bayne 
et al, we suggest that "the adequacy of 
treatment, or the need for further 
treatment, might best be documented 
by a lumbar puncture after six 
months"; however, we strongly recom- 
mend that the CSF examination 
include electrophoretic separation of 
IgG for the detection ef oligoclonal 
bands. Further research is needed to 
gain more information concerning the 
relationship between disappearance 
or reduction of oligoclonal bands and 
the recovery from syphilitic infec- 
tion. 
PAOLO MAZZARELLO, MD 
Marco PoLoNi, MD 
Clinica Neurologica Ia 
Ospedale S Paolo 
Università di Milano 
Via Di Rudini, 8 
20142 Milano, Italy 
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Universita di Pavia 
28100 Pavia, Italy 
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Angiotensin-Converting Enzyme in 
Neurosarcoidosis 


To the Editor.—We read with great 
interest the article by Sethi et al in the 
June 1986 issue of the ARCHIVES.' We 
wish to point out another important 
aspect of neurosarcoidosis that was 
not discussed by the authors, namely, 
determination of angiotensin I-con- 
verting enzyme (ACE) levels in the 
cerebrospinal fluid (CSF) of patients 
with suspected neurosarcoidosis.?? 
High levels of CSF ACE may sup- 
port the diagnosis of neurosarcoidosis 
even though the serum ACE levels are 
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within the normal range.? Further- 
more, monitoring the CSF ACE levels 
may aid in patient management and 
follow-up, since CSF ACE levels 
decrease when the disease is clinically 
remitted due to corticosteroid thera- 
py. There is no correlation between 
the serum and CSF ACE levels in 
patients with neurosarcoidosis, nor is 
there any correlation between CSF 
ACE and CSF total protein or albu- 
min levels in such cases? The CSF 
ACE is most probably synthesized 
and released into the CSF by the 
central nervous system sarcoid granu- 
lomas. It must be emphasized, howev- 
er, that high levels of CSF ACE are 
not specific to neurosarcoidosis and 
have also been reported in central 
nervous system infections and malig- 
nant tumors.?? 

In summary, determination of CSF 
ACE levels may become a useful labo- 
ratory tool for monitoring disease 
activity and response to treatment in 


patients with neurosarcoidosis. 
ISRAEL RUBINSTEIN, MD 
Mount Sinai Hospital 
600 University Ave 
Toronto, Ontario, Canada M5G 1X5 


VICTOR HOFFSTEIN, PHD, MD 
Toronto 
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An Alert for Motor Neuron Diseases 
and Peripheral Neuropathy: 
Monoclonal Paraproteinemia May Be 
Missed by Routine Electrophoresis 


To the Editor. —We write to alert neu- 
rologists about a problem in laborato- 
ry diagnosis. Monoclonal paraprotein- 
emia, or monoclonal gammopathy, a 
form of plasma cell dyscrasia, seems 
to be found with inordinate frequency 
in patients with peripheral neuropa- 
thy and motor neuron diseases, 
including amyotrophic lateral sclero- 
sis. The condition is defined by the 
identification of a monoclonal immu- 
noglobulin in the serum (M protein). 

In the United States, electrophore- 
sis on cellulose acetate is commonly 
used to separate the serum proteins, 
which are then stained. The gel is 


250 Arch Neurol— Vol 44, March 1987 


Quantitative Analysis of Immunoglobulins 


IgG, mg/dL 
(g/L) 

700-1700 

(7.00- 12.00) 
Motor neuron 652 

disease (6.52) 
Neuropathy 1120 

(11.20) 

Motor neuron 1050 

disease (10.50) 


Diagnosis 





Normal range 


scanned with a densitometer and the 
curves are inspected visually; an M 
protein is detected as a "spike." If an 
M protein is found by that method, 
immunoelectrophoresis (IEP) is used 
to determine whether the monoclonal 
protein is of IgG, IgM, or IgA class, 
and whether the light chains are « or 
^. However, we have encountered 
patients with motor neuron disease or 
peripheral neuropathy in which the M 
protein was missed by this routine 
practice (Table). 

One patient had chronic sensorimo- 
tor peripheral neuropathy; the other 
two had motor neuron disease accord- 
ing to all clinical and electrodiagnos- 
tic criteria. All three had normal pat- 
terns on serum protein electrophore- 
sis; none had cryoglobulins in serum, 
Bence Jones protein in urine by sulfo- 
salicylic acid test results, or oligoclon- 
al bands in the cerebrospinal fluid. 

One patient had normal quantita- 
tive levels of immunoglobulins (Ta- 
ble). One had persistently high levels 
of IgM, with abnormally low values of 
IgG and IgA. Because protein electro- 
phoresis results had been normal, 
that pattern was thought to imply a 
"polyclonal" increase in IgM. The 
third patient had a borderline high 
IgA level. When immunofixation elec- 
trophoresis (IFE) later became avail- 
able, monoclonal proteins were found 
in the serum of all three patients; two 
were IgA (Figs 1 and 2) and one was 
IgM. 

These cases indicate that routine 
serum protein electrophoresis is not 
sufficiently sensitive to detect M pro- 
teins that are present in low concen- 
tration or in anomalous locations, 
where they may be hidden in the large 
peaks of more abundant neighboring 
proteins. Students of monoclonal pro- 
teins have long known that there are 
more sensitive methods, such as sub- 
stitution of agarose for cellulose ace- 
tate.^* 

Methods that include immunopreci- 
pitation are even more effective. For 
instance, Kyle and Greip? analyzed 
228 cases of amyloidosis. M proteins 


IgA, mg/dL 
(g/L) 
70-350 
(0.70-3.50) 


Immunofixation 
Electrophoresis 
Paraprotein 


IgM, mg/dL 
(g/L) 
50-300 
(0.50-3.00) 
518 
(5. 18) 
155 
(1.55) 
107 
(1.07) 











Fig 1.—Serum protein electrophoresis on cel- 
lulose acetate shows no evidence of mono- 
clonal protein (patient 2). 


were found by routine serum protein 
electrophoresis in 40% of the cases, 
but IEP showed that there were para- 
proteins in 68%; more than a third of 
the cases with M proteins had been 
missed on routine electrophoresis. 
Moreover, monoclonal light chains 
were seen in the serum of 23% of the 
cases by IEP, and are rarely seen in 
routine practice. 

Others'^'* have also emphasized the 
value of IEP and IFE, techniques that 
sharpen the bands of the abnormal 
protein by immuneprecipitation. Kyle 
and Greip recognized that small 
monoclonal peaks might be missed by 
cellulose acetate electrophoresis and 
considered the use of IEP “crucial,” 
but it now seems that IFE is even 
more sensitive than IEP.'*5* In one 
study," IFE identified M proteins in 
39 patients, but the combination of 
cellulose acetate and IEP had detected 
M proteins in only 33 of the 39. Also, 
either IEP or IFE of urine may show 
light-chain Bence Jones proteins that 
are missed by sulfosalicylic acid pre- 
cipitation or heat tests.'*!%° 

Immunofixation electrophoresis dif- 
fers from IEP in one major way: in 
IEP, the antibody is allowed to diffuse 
from troughs into the gel; in immuno- 
fixation, the antibody is applied to the 
surface and reacts more promptly 
with proteins separated by electro- 
phoresis in agarose. Because of the 
shorter diffusion time, bands are 
sharper and easier to interpret. 
Immunofixation electrophoresis also 
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Fig 2.— Serum immunofixation electrophoresis (IFE) on agarose (13) shows band (lane 1) 
identified as IgA monocional protein by IFE (lane 3), with polyclonal reactions to antibodies 
against IgG (lane 2) and IgM (lane 4). Light chain is identified as x (lane 5); SPE indicates serum 


prctein electroehoresis. 


has other advantages.'5'? 
Immurofiwation electrophoresis 

and IEP are not used routinely 
because the immunologic reagents 
and hunmn labor are costly. There- 
fore, most information about the fre- 
quency of M proteins in populations 
has been gained with cellulose ace- 
tate,* some with agarose electrophore- 
sis," and none with IFE. If IFE is to 
be used to determine whether the 
frequency cf paraproteinemia is 
increased in any neurologic disease, it 
is necessary to know how often the 
same me-hcc detects the anomalous 
5rotein ir a population. In the mean- 
time, neurologists should be aware of 
zhe limitztiors of routine methods of 
evaluating paraproteins. 
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Epidemiologic Studies of Multiple 
Sclerosis 


To the Editor. —Epider iologic studies 
of multiple sclerosis (MS) assessing 
risk factors for disease causation or 
exacerbation and progression are 
problematic for severa reasons. One 
of the most important reasons is that 
little attention has been paid to the 
selection of control subjects with 
whom patients with MS have been 
compared to evaluate potential risk 
factors. 

For attempts to determine the actu- 
al cause of the disease, healthy control 
subjects must be used, preferably 
those who share a common ethnic and 
genetic background with the study 
group. For those factors thought to 
influence the course of the already 
acquired illness, resulting in exacer- 
bations, only other patients with MS 
can be suitable control subjects. 

Many epidemiologic studies have 
attempted to assess the relationship 
of clinical symptoms to disease activi- 
ty by matching for such factors as age, 
sex, degree of disability, number of 
exacerbations, date of onset of dis- 
ease, and duration of disease. Factors 
such as disability are probably not 
helpful as markers of disease activity, 
as disability results from the location 
of lesions in functionally critical parts 
of the central nervous system, as well 
as from the effects of gliosis and 
secondary changes resulting from 
paralysis and spasticity. Similarly, 
the number of exacerbations is not 
helpful; some patients may have 
symptoms referable to a new plaque, 
while others may have them on the 
basis of a change in environment 
causing an existing plaque to become 
symptomatic. Both of these may have 
different implications in prognosis 
and activity. 

Another major problem relates to 
the use of date of onset. Clinical onset 
and duration of disease (based on clin- 
ical onset) have often been used in 
epidemiologic studies of MS, but the 
first manifestation of disease in many 
patients appears tc be the response of 
an already existing pleque to the 
internal or external m:lieu, rather 
than related to the time of acquisition 
of disease. Several studies have pro- 
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vided strong evidence to suggest that 
the disease is acquired between the 
ages of 5 and 14 years.'? The very long 
latency between acquisition and clini- 
cal onset has been explained by the 
hypothesis that MS exists first as a 
systemic condition that does not 
involve the nervous system, and may 
then remain asymptomatic even after 
plaques are actually formed in the 
brain and spinal cord 
The most common epidemiologic 

study is the one that purports to dis- 
cover factors triggering the appear- 
ance or the exacerbation of symptoms 
or the progression of already existing 
signs and symptoms of MS. It is for 
such studies that the choice of eontrol 
subjects is crucial, but unfortunately 
often inappropriate. For example, 
Bamford et al,* studying the effects of 
trauma, used healthy normal persons 
as controls. They concluded from their 
study that trauma did not cause MS, 
but correctly stated that they could 
not rule it out as a trigger. Other 
authors studying the effects of trau- 
ma or stress*’ did not make that 
distinction when they compared their 
patients with MS with either healthy 
controls or patients with other dis- 
eases. It should be clear that in order 
for any factor to result in the appear- 
ance, recurrence, or worsening of 
symptoms, the individual being stud- 
ied must have MS. The clinical course 
of patients with MS who have experi- 
enced such events must be compared 
with MS patients who have not: the 
proposed risk factor could not be 
expected to cause exacerbations of MS 
in patients without MS! 

CHARLES M. Poser, MD 

PATRICIA L. HIBBERD, PHD, MD 

Department of Neurology 

Harvard Medical School and 

Neurological Unit 
Beth Israel Hospital 


330 Brookline Ave 
Boston, MA 02215 
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Books 


Neurological Disorders of Pregnancy, edited by 
Phillip J. Goldstein, 277 pp, $39.50, London, Futu- 
ra Publishing Co Ine, 1986. 


Neurological Disorders of Pregnan- 
cy is an anthology of 13 chapters 
written by 19 authors of diverse back- 
grounds, edited by an obstetrician. 
The layout, use of headings, and print 
size allow easy readability. Tables 
appropriately punctuate most chap- 
ters; however, illustrations are sparse. 
The bibliographies of each chapter 
vary in completeness from an excel- 
lent list for the chapter on vascular 
disease to a skewed and incomplete 
list for that on brain tumors. Rarely 
did I recognize an inaccurate citation. 
Inclusive page numbers are given for 
some chapters, only first page num- 
bers for others. The index is adequate. 
Typographical errors are rare. 

The chapters are uneven with 
regard to thoroughness, emphasis, 
clinical practicality, and style. The 
chapters on cerebrovascular disease 
and neuropathies/myopathies are ex- 
cellent, and those on paraplegia, mul- 
tiple sclerosis, myasthenia gravis, and 
postpartum depression are not far 
behind. The chapter on rheumatologic 
conditions during pregnancy is suit- 
able for a text on medical problems 
during pregnancy, but did not need to 
be included as a separate chapter in 
this monograph. The editor allowed 
two sections each on poliomyelitis and 
the Guillain-Barré syndrome. Only 
one of the latter, the one in the chap- 
ter on central nervous system infec- 
tions, is cited in the index. 

The chapter on headache is a nice 
review of headache in general, but the 
practical matters of the pharmacolog- 
ic management of headache during 
pregnancy are all but ignored. There 
are no guidelines for the use of tricy- 
clic antidepressants, $-blockers, or 
analgesics. 

The important chapter on epilepsy 
is a disappointment. In the chapter, 
there are three pages on the pur- 
ported teratogenicity of anticonvul- 
sants that do not lead the reader 
through the bewildering morass of 
contradictions and controversy con- 
cerning this subject. Similarly, the 
subject of anticonvulsant drug metab- 
olism during pregnancy and in the 
fetus/neonate is cursorily handled, 
befitting a compacted chapter but not 
enough for a book. The best review of 
that subject is not cited. In contrast to 
the impressionistic treatment of the 


aforementioned subjects, the editor 
allows nine pages on antibiotics. 

The chapter on eclampsia, written 
by two obstetricians, repeats the con- 
ventional wisdom of the American 
obstetrical community in advocating 
magnesium sulfate in severe toxemia, 
although the authors’ investigations 
can be cited as evidence against its 
effectiveness. No rea! attempt is made 
to explain the pathogenesis of cerebral 
manifestations of eclampsia, which, in. 
my opinion, are those of hypertensive 
encephalopathy in a previously nor- 
motensive woman. These contro- 
versies are not an academic exercise. 
Cerebral lesions cause at least 4095 of 
deaths due to eclampsia. 

In summary, this monograph does 
not reach the full potential of its 
subject. Nonetheless, it does contain a 
lot of information displayed in a read- 
able fashion, and may fulfill the needs 
of many users, particularly at its rea- 


sonable price. 
JAMES O. DONALDSON, MD 
Farmington, Conn 


Myology, edited by Andrew G. Engel and Betty 
Q. Banker, vol 1 (1179 pp), vol 2 (2159 pp), $200, 
New York, McGraw-Hill International Book Co, 
1986. 


This outstanding two-volume, 
three-part text is an excellent source 
of basic science and clinical informa- 
tion related to muscle and muscle 
disorders. Part 1 comprises 28 chap- 
ters and covers the anatomy, physiol- 
ogy, and biochemistry of muscle. Part 
2 (eight chapters) provides a general 
approach to neuromuscular disease, 
including the clinical examination, 
muscle biopsy, electrodiagnostic stud- 
ies, and genetic aspects in neuromus- 
cular disease. Part 3 (37 chapters) 
deals with individual diseases, includ- 
ing the muscular dystrcphies, inflam- 
matory myopathies, congenital myo- 
pathies, metabolic disorders affecting 
muscle, disorders of reuromuscular 
transmission, and neural diseases. 

A total of 67 contributors provided 
their expertise in creating the most 
comprehensive textbock of muscle 
and its diseases now available. The 
book is extremely well illustrated 
throughout and includes eight color 
plates. The excellence of this publica- 
tion in the area of myology is analo- 
gous to that of Peripheral Neuropa- 
thy, edited by Dyck, Thomas, Lam- 
bert, and Bunge, in dealing with 
peripheral nerve disorders. The text is 
well referenced, up-to-date, and well 
written by many of the world's 
experts in the study of muscle and its 


diseases. 
WILLIAM J. KINGSTON, MD 
Rochester, NY 
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Editoria! 


Epilepsy, Psychosis, and Forced Normalization 


Qn the morning of Jan 23, 1934, 

Lászl» von Meduna, Oberarzt to 
the Royal Hangarian National Mental 
and Nervous Asylum in Budapest, 
injected a young psychotic man with 4 
g of camphor in oil. Forty-five 
minutes later, the patient experienced 
a 60-s generalized seizure. Neither 
neurology ner psychiatry has been the 
same sime. 

There sdebate as to why von Medu- 
na was caine such things.' The com- 
mon belief = that he had his epidemi- 
ology wreng concerning an incompati- 
bility between epilepsy and psychosis 
but was fertunately so far wrong that 
he endec uz with something useful. 
Others believe that he has been the 
victim of errant lexicographers and 
thet he was one of the first to under- 
stand the -syndromic antagonism 
between psychosis and seizure within 
individua! patients. I prefer to believe 
the second kypothess. 





See also p 289. 





A few years later Heinrich Land- 
olt,? Chief of the Swiss Asylum for 
Epileptics im Zurich, described two 
groups of epileptic patients with acute 
psychoses [m one group, the electroen- 
cephalogram (EEG) changed during 
the psychesis toward increased epi- 
leptiform actavity, which was relative- 
ly easy to understand. But in the 
second group. a previously abnormal 
EEG “normalized” during the psycho- 
sis. Then, s mow, neuroscientific con- 
cepts were imadequate to fully com- 
prehend sach a phenomenon. Landolt 
chose the term forcierte Normalisie- 
rung to Geseribe this EEG change. 
The English translation of these 
words may imply a more transitive 
neurophysielogic mechanism than 
Landolt irtended in the German. He 
seems to have had in mind a psychotic 
syndrome, which was produced physi- 
ologically 5» = “supernormal braking 
action” re eased by the cessation of 
seizure activity. Dongier* and later 
Flor-Henr- confirmed and extended 
these observations of "forced normal- 
ization” w thin a subset of epileptic 
patients. Despite thousands of subse- 
quent reperts concerning behavioral 
issues ameng epileptic patients (for 
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most of which consensus eludes and 
contention abounds), few have taken 
up the lead offered by this peculiar 
phenomenon.* 

Dr Pakalnis and her colleagues’ at 
The Ohio State University in Colum- 
bus remind us in this issue of the 
ARCHIVES that forced normalization is 
still occurring among some epileptic 
patients with psychosis. Several fea- 
tures of their seven patients deserve 
mention. None had a history of pre- 
morbid psychopathologic disease, yet 
each became acutely psychotic on the 
attainment of good seizure control in 
an epilepsy unit. The patients were 
heterogeneous in a number of ways. 
Six had complex partial epilepsy, but 
one patient was suffering from tonic- 
clonic and absence seizures. There was 
no pattern of hemispheric lateraliza- 
tion for discharging foci among these 
patients. Different anticonvulsant 
medications were used to attain sei- 
zure control. The psychoses were quite 
mixed clinically, with a range of affec- 
tive and atypical features along with 
some paranoia. It is as if we are 
observing multiform clinical aspects 
of some more unified neurophysiolog- 
ic process that occurs when repetitive 
seizures stop. 

One cannot mention the word psy- 
chosis any longer without mentioning 
“dopamine” as well. It is likely that 
the explanation for the phenomenon 
of forced normalization lies some- 
where within the forebrain catechol- 
amine systems. There is a fair amount 
known concerning potential connec- 
tions between hyperactivity of meso- 
limbic dopaminergic systems and psy- 
chosis, but we need to know more 
about relationships between epilepsy 
and these systems. What evidence is 
available seems to link seizure thresh- 
old with catecholamine depletion. 
Medications such as reserpine and tet- 
rabenazine can lower seizure thresh- 
old in animal models of epilepsy, and 
this effect can be reversed by levo- 
dopa.: Repetitive seizures themselves 
may deplete forebrain norepinephrine 
stores? in animals, and some anticon- 
vulsants may work by enhancing met- 


abolic activity in dopaminergic brain- 


stem ventral tegmental nuclei. There 
is evidence that homovanillic acid and 
dopamine levels in the cerebrospinal 


fluid are lower among epileptic 
patients than among controls." 
Perhaps the sort of patients 
described by  Pakalnis and her 
coworkers deserves more careful 
investigation than has been received. 
Are there abnormalities of catechol- 
amine metabolism among epileptic 
patients in general and among tempo- 
ral lobe epilepties in, particular? Are 
patients with postictal psychoses 
especially sensitive to catecholamine 
flux, or do they face especially large 
fluctuations in these systems? The 
pursuit of such questions might 
enlighten us eonsiderably with regard 
to this particular link between sei- 
zures and psychosis. 
RANDOLPH B. SCHIFFER, MD 
Rochester, NY 
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Original Contributions 


Normal Caudate Glucose Metabolism in 


Persons at Risk for Huntington's Disease 


Anne B. Young, MD, PhD; John B. Penney, MD; Simon Staresta-Rubinstein, MD; 
Dorene Markel, MS; Stanley Berent, PhD; Jill Rothley; Annette Betley; Richard Hichwa, PhD 


e Glucose metabolism was examined 
by positron emission tomographic scan- 
ning with "'*F-2-fluoro-2-deoxy-p-glucose 
in 29 persons at risk for Huntington's 
disease (HD), 28 age-matched controls, 
nine patients with stage |, and eight 
patients with stage Il symptomatic HD. 
Absolute caudate metabolic rates and 
normalized indexes of caudate metabo- 
lism for at-risk persons were normal com- 
pared with controls. No at-risk person had 
caudate indexes outside two SDs of the 
controls’ mean. Caudate metabolism in 
the earliest HD cases was significantly 
reduced compared with controls and at- 
risk persons, but within the 99% confi- 
dence levels of both groups. Stage Il 
patients had caudate measures that were 
significantly depressed compared with 
those of stage | HD patients. Measure- 
ment of caudate glucose hypometabolism 
is unlikely to be sufficiently sensitive to 
serve as a presymptomatic marker of 
heterozygote status, although it will pro- 
vide a sensitive marker for progressive 
caudate dysfunction in HD. 

(Arch Neurol 1987;44:254-257) 


ositron emission tomographic 
(PET) scanning with 'F-2-fluoro- 
2-deoxy-D-glucose ('*F-FDG) has been 
used to show brain functional changes 
during auditory, visual, and motor 
stimulation tasks'? and in epilepsy,‘ 
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dementia," panic disorders,’ psychi- 
atric disorders,’ and Huntington's dis- 
ease (HD).'^? Initial PET studies of 
HD, a dominantly inherited neurode- 
generative disorder, demonstrated 
decreased caudate nucleus metabo- 
lism in early HD patients who had 
normal computed tomographic (CT) 
brain scans and in some persons at 
risk for HD." In order to determine 
whether PET scanning can be used to 
diagnose HD presymptomatically, '*F- 
FDG PET seans in 29 persons at risk 
for HD were compared with those of 
28 age-matched controls, nine pa- 
tients with early stage I, and eight 
patients with moderately symptomat- 
ic stage II HD. 


PATIENTS AND METHODS 


At-risk subjects were selected for study 
if they were the offspring of affected HD 
patients who had clear family histories. 
Early HD cases were defined as those in 
stage I of the illness according to the 
Shoulson-Fahn"^ scale for functional 
capacity. Generally, these patients were 
employed individuals with very mild motor 
and cognitive manifestations. The diagno- 
sis category of at risk and early affected 
HD individuals was determined prior to 
the PET investigation by quantitative neu- 
rologic examinations performed by two or 
three independent investigators. No indi- 
viduals were included in the at-risk group 
if the examiners considered that the sub- 
ject had subtle but definite manifestations 
of HD. Stage II patients were moderately 
affected and had lost gainful skills." 

Twenty-nine persons at risk for HD 
(aged 28 + 5 years; mean + SD) who were 
members of eight unrelated sibships, nine 
patients with stage I symptomatic HD 
(aged 38 + 10 years), eight patients with 
stage II symptomatic HD (aged 45 + 10 
years), and 28 controls (mean age, 31 + 10 
years) were each studied over a two-day 


period with the quantitative neurologic 
examinations, detailed neuropsychologic 
testing, the Shoulson-Fakn scale, a CT 
scan, and an “F-FDG PET scan. All 
studies were carried out and analyzed as 
described previously.'"° The scans were 
obtained on a scanner (Cyclotron Corpora- 
tion PET 4600A) which is a three-ring, 
(2.2-cm center-to-center spacing, 60 em in 
diameter), five slice, 96 bismuth ger- 
manate detectors/ring tomograph. The 
spatial resolution is 11 mm within a trans- 
axial slice and 8.8 mm along the central 
axis of the scanner. Ten transaxial slices 
separated by approximately 5.5 mm with 
an orientation parallel to the canthomea- 
tal line were obtained from the base of the 
cerebellum to the top of the caudate nucle- 
us. An additional five slices separated by 
11.0 mm were acquired to image the next 5 
cm of brain, beginning 5.5 mm above the 
last slice of the first ten slices. The local 
glucose metabolic rate for each region of 
brain was calculated according to previ- 
ouly described methods.^* Patients were 
scanned in a quiet room blindfolded and 
with ears unplugged. 

Data from each scan were analyzed by a 
standard technique using the tomographic 
slice corresponding to 0? section, No. 8 or 
No. 9 from the CT atlas of Matsui and 
Hirano." Cross-sectional histograms were 
caleulated through the caudate nucleus 
(halfway between the rostral edge of the 
thalamus and the frontal cortex anterior 
to the ventricles); the putamen (halfway 
between the caudate cross section and the 
rostral edge of the thalamus); and the 
middle of the thalamus. Values of caudate, 
putamen, thalamus, and cortex metabolie 
activity were taken as the average of data 
from a 1 X 3-pixel region of interest (11 
mm?) on a 64 X 64-pixel matrix reconstruc- 
tion of the PET data. This method has been 
applied to previous studies of HD.'* Data 
were evaluated by investigators who were 
blind to the subject’s identity. Values of 
caudate, putamen, and thalamus metabo- 
lism were also normalized to the cortex 
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Fig !.—Postron emission tomographic scans and cross-sectional histograms through caudate 
fom contro-(top., at-risk subject (center), and early HD case (bottom). Arrows at side of scans 
(top, center amd bottom left) indicate level at which cross-sectional histograms were taken. 
Double arrows ewer histograms show peak activity in cortex; single arrows show peak activity in 


caudate. 


values.^ These normalized values were 
defined as indexes of metabolism. 


RESULTS 


The ages of the controls and the 
at-risk subjects were not significantly 
different; neither were the ages of the 
controls ard the patients with stage I 
HD. Howeser, the at-risk group was 
significantly younger than the HD 
subjects (43;4,—7 5.15; P«.01, New- 
man-Keuls.. Patients with stage II 
HD were sgniicantly older than the 
controls (c,4, = 5.7; P< .01) and the 
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at-risk subjects (qs. = 7.4; P «€ .01) 
but were not different from the 
patients with stage I HD. 

All at-risk persons had normal cau- 
date anatomy as assessed by CT scan 
(ie, the mean ratio of intercaudate 
distance to distance between the outer 
tables of the skull at the level of the 
caudate nuclei was 0.086 + 0.020; 
range, 0.061 to 0142).*? Positron 
emission tomographic scans for con- 
trols could not be distinguished from 
any of those for the subjects at-risk. 
Figure 1 depicts scans and cross- 
sectional histograms from a control, 


the at-risk individual with the lowest 
caudate metabolism (with an index of 
0.78), and a patient with stage I HD 
(with an index of 0.70). Absolute val- 
ues of caudate metabolism in all four 
groups varied substantially (Fig 2, 
top) Controls and at-risk subjects 
were nearly identical in mean metabo- 
lism and range of values. In inter- 
group comparisons between the two 
groups using the Newman-Keuls test, 
no differences were observed. The 
absolute caudate glucose metabolism 
values for the early HD cases (4.50 + 
0.94 mg of glucose, per 100 g of brain 
per minute, mean + SD) were signifi- 
cantly less than those for controls 
(7.12 + 1.74; Qz» = 64; P «0.1) and 
those for subjects at risk (7.01 + 1.34; 
q2% = 62; P«.01) Absolute values 
and indexes of putamen, thalamus, 
and cortex metabolism in the at-risk 
subjects were normal compared with 
controls. 

The mean caudate index of metabo- 
lism in at-risk subjects was only 
slightly lower than that of the control 
group (0.90 + 0.07 vs 0.93 + 0.12 SD; 

= 1.41; df= 55; P < .10) (Fig 2, bot- 
tom). Caudate metabolic indexes in 
the at-risk subjects had considerable 
overlap with those of the controls, and 
none fell more than two SDs below the 
mean of the control greup. Further- 
more, the lowest indexes of caudate 
metabolism for the control and at-risk 
groups fell within the range of indexes 
for patients with early HD (mean, 
0.62 + 0.11 SEM). No at-risk subject 
had an index of caudate metabolism in 
the range of moderately or markedly 
symptomatic patients with HD." 
Indexes of caudate metabolism in the 
patients with stage I HD were signifi- 
cantly lower than those for the con- 
trols by Newman-Keuls test of in- 
tergroup comparisons (437 = 11.1, 
P « .01) and those for the at-risk sub- 
jects (qzw = 9.9; P«.01). Stage II 
patients had caudate indexes less than 
the controls (q47 = 19.2; P < .01), the 
at-risk subjects (Qx = 18.0; P < .01) 
and the patients with stage I HD 
(G27 = 8.1; P «€ .01). 

The probability of developing HD 
was calculated for each at-risk subject 
based on their age at the time of the 
evaluation and the sex of their affect- 
ed parent. The calculations were made 
according to the methods of Pericak- 
Vance et al? and Conneally,” who 
used population data on 999 affected 
HD individuals. The average of the 
individual probabilities was 0.42 + 
0.07 SD; thus, 12 + 2 subjects of our 
sample of 29 at-risk persons would be 
expected to be carriers of the HD 
gene. 
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Fig 2.—Scatterplots of absolute values of caudate metabolism (top) and caudate metabolic 
indexes in four groups (bottom). Means are indicated by solid lines as are 95% and 99% 


confidence levels (broken lines) for each group. 


COMMENT 

Since none of the at-risk individuals 
had caudate indexes below that of the 
lowest control, it is likely that caudate 
metabolism at the time of the PET 
scan was essentially normal for all the 
asymptomatic HD gene carriers. Fur- 
thermore, although as a group the 
early HD cases had reduced metabo- 
lism compared with controls, the ear- 
liest HD patients had caudate indexes 
within the 99% confidence levels of 
the controls. Thus, caudate metabo- 
lism is unlikely to be abnormal before 
the onset of symptoms. Caudate glu- 
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cose hypometabolism would, there- 
fore, not yield a definitive presympto- 
matic diagnosis in HD because the 
results of a scan would be inconclusive 
unless the caudate index was two SDs 
below that of the controls; by that 
time the subject would probably be 
symptomatic. Consistent with this 
conclusion is the recent finding by 
Hayden et al* of normal caudate glu- 
cose metabolism in persons who are 
probable asymptomatic HD heterozy- 
gotes as determined by linkage analy- 
sis using the G8 probe.” 

Pathologic studies in Huntington’s 


disease have indicated that caudate 
neuronal loss is minimal in early 
symptomatic HD.” The fact that cau- 
date metabolism is nearly normal 
until symptom onset in HD may 
refiect either the minimal cell death 
early in the disease, or compensatory 
phenomena in other brain regions or 
in the remaining caudate neurons. 
The abnormal glucose metabolism in 
HD is not a specifie marker for cau- 
date neuron death, but it appears to 
serve as a sensitive marker of caudate 
dysfunction once HD has become 
manifest  clinically.^ Other PET 
probes may prove more sensitive to 
basal ganglia abnormalities in HD 
but, until such specifie PET markers 
for caudate neurons are developed, the 
question concerning cell death prior to 
symptom onset in HD will remain 
unanswered. Nevertheless, our data 
would suggest that although PET 
scanning may not be diagnostic in 
asymptomatic HD gene heterozy- 
gotes, it is very sensitive to caudate 
dysfunction and functional decline. 
Furthermore, the data suggest that 
basal ganglia function in the pre- 
symptomatic HD gene heterozygotes 
is likely to be normal until the onset of 
symptoms. 

With the ability to identify pre- 
symptomatic HD gene heterozygotes 
using a DNA marker linked to the HD 
gene,” it will be necessary to decide 
how to test potential therapeutic 
interventions aimed at slowing neuro- 
nal degeneration in this group. Our 
data have implications for future pro- 
spective preventative studies of neu- 
rodegenerative disorders. Perhaps 
promising new therapeutic agents 
would not need to be given from child- 
hood onward, but could be started 
together with the onset of early symp- 
toms (or at the first signs of caudate 
hypometabolism). Glucose metabo- 
lism could subsequently serve as an 
objective measure of disease progres- 
sion and therapeutic effectiveness in 
treated patients. 
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Emission Computed Tomography 


William J. Jagust, MD; Thomas F. Budinger, MD, PhD; Bruce R. Reed, PhD 


@ Single photon emission computed 
tomography is a practical modality for the 
study of physiologic cerebral activity in 
vivo. We utilized single photon emission 
computed tomography and Wisopropyl- 
p-iodoamphetamine iodine 123 to evalu- 
ate regional cerebral blood flow in nine 
patients with Alzheimer's disease (AD), 
five healthy elderly control subjects, and 
two patients with multi-infarct dementia. 
We found that all subjects with AD demon- 
strated flow deficits in temporoparietal 
cortex bilaterally, and that the ratio of 
activity in bilateral temporoparietal cor- 
tex to activity in the whole slice allowed 
the differentiation of all patients with AD 
from both the controls and from the 
patients with multi-infarct dementia. Fur- 
thermore, this ratio showed a strong cor- 
relation with disease severity in the AD 
group. Single photon emission computed 
tomography appears to be useful in the 
differential diagnosis of dementia and 
reflects clinical features of the disease. 

(Arch Neurol 1987;44:258-262) 


he recent application of positron 

emission tomography (PET) using 
tracers capable of measuring regional 
cerebral blood flow (rCBF) and 
metabolism to the study of dementia 
has demonstrated specific abnormali- 
ties in Alzheimer's disease (AD). Par- 
ticularly, studies of regional cerebral 
glucose metabolism using the tracer 
fluorodeoxyglucose F18 have demon- 
strated a propensity for deficits that 
are most severe in temporoparietal 
(TP) cortex.'^ This TP pattern has 
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been suggested to be of diagnostic 
utility and has allowed the differenti- 
ation of AD from normal aging, nor- 
mal pressure hydrocephalus, and 
Pick's disease.*’ 

Because PET utilizes short-lived 
radionuclides, the technique requires 
the availability of a regional or local 
cyclotron- or positron-emitter genera- 
tor system. Thus, at present the wide- 
spread clinical application of PET is 
limited. Single photon emission com- 
puted tomography (SPECT), however, 
utilizes radionuclides of the sort 
employed in current routine clinical 
nuclear medicine studies. Single pho- 
ton-emitting radiopharmaceuticals 
that are capable of measuring cere- 
bral function have recently been 
developed and are commercially avail- 
able. One such tracer, N-isopropyl- 
p-iodoamphetamine (IMP), labeled 
with iodine 123, is distributed in brain 
in proportion to blood flow,® and when 
scanned tomographically can provide 
three-dimensional information about 
rCBF. This study was designed to 
investigate whether SPECT measure- 
ments of rCBF are capable of demon- 
strating the same TP deficits that 
have been seen in PET studies of 
metabolism and blood flow, and to 
evaluate the utility of SPECT in dif- 
ferentiating patients with varying 
clinical severities of AD from patients 
with multi-infaret dementia (MID) 
and healthy control subjects. 


PATIENTS AND METHODS 


Patient data are summarized in the 
Table. There were no differences between 
AD, MID, and control groups for educa- 
tion, age, sex, or handedness. 

We studied nine patients with AD, all of 
whom met current research criteria for 
AD.*'? All subjects were free of any signif- 
icant medical illnesses, including hyper- 
tension, were taking no medications, and 
had a Hachinski ischemia scale score of 
less than 4." All subjects had experienced a 


progressive loss of cognitive functioning 


The Diagnosis of Dementia With Single Photon 


for at least one year, with memory loss as 
the most significant symptom. Seven sub- 
jects had disease onset after the age of 65 
years, and two subjects had disease onset 
before the age of 65 years. All had routine 
laboratory tests to evaluate reversible and 
treatable causes of dementia. In addition, 
all had electroencephalograms that were 
normal or demonstrated mild slowing, and 
all had computed tomographic (CT) seans 
that were normal or demonstrated mild to 
moderate cortical atrophy. Neuropsycho- 
logic testing was performed on all subjects 
and utilized the Mini Mental Status Ques- 
tionnaire (MMSQ)" as a measure of dis- 
ease severity. Additional testing included 
the evaluation of visual and verbal memo- 
ry, constructional ability, visuospatial 
ability, language, praxis, and mood. 

Five control subjects were free of all 
significant medical, neurologic, and psy- 
chiatric illnesses. All were functioning at 
normal intellectual levels and were taking 
no medications. These subjects were 
spouses of the demented patients. 

Two patients with MID were studied. 
These patients had histories of multiple 
strokes, focal neurologic signs, and showed 
CT evidence of small lacunar cerebral 
infarction that involved internal capsule, 
corona radiata, and basal ganglia. In addi- 
tion, CT scans in both patients demon- 
strated marked periventricular lucencies. 
One patient had a magnetic resonance 
imaging scan that demonstrated a marked- 
ly increased signal in the periventricular 
regions on a T2-weighted image. Both 
patients were hypertensive and had 
Hachinski ischemia scale scores of greater 
than 7. 

The SPECT imaging was performed on a 
multidetector focused collimator system as 
described by Stoddart and Stoddart,” 
which has a resolution of 14 mm full width 
at half-maximum in the plane of the sec- 
tion and a slice thickness of 13 mm. The 
instrument collects data for one brain level 
at a time, using 12 sodium iodide crystals 
that tangentially scan the head. 

Patients were positioned in the scanner 
with eyes and ears unoccluded, in a quiet 
room, with the plane of section parallel to 
the canthomeatal line. The blood flow trac- 
er, IMP (Medi-Physies Inc, Richmond, 
Calif), was manufactured by the (p,2n) 
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reaction and thus had some contamination 
frem iodine 124, which affects the data 
only through increasing scatter back- 
ground. The tracer was injected as a 5 mCi 
(019 GE4) intravenous bolus. Scanning 
bezan ter minutes after injection and con- 
tinuec fo- 60 minutes. Each brain level was 
scanned ?or 20 minutes, and, generally, 
three levels were scanned for each patient. 
These levels eorresponded to slices at the 
midventrmcutar level, the level of the basal 
ganglia, and the level of the orbitofrontal 
lobes and mid-lower temporal lobes, which 
are, respectively, about 7, 5, and 3.5 cm 
above th= external auditory meatus in 
mest patent 

Paten: stwdies were performed after 
informedsconsent was obtained and after a 
detailed eeseniption of the risks and bene- 
fits of the procedure was provided. Experi- 
mental protocols were approved by the 
institeticnal review boards of participat- 
ing institutions. 

We quantitatively analyzed data ob- 
tained omy at the midventricular level for 
this study. Regions of interest were drawn 
by an operater trained in neuroanatomy, 
with referenee to a standard CT brain 
anatomic atias.'* Regions were drawn in 


right and left frontal (F) and TP cortex as 
well as around the whole tomographic slice 
(WTS). The system software then calcu- 
lated the regional radioactivity count den- 
sity in the form of counts per cubic centi- 
meter for the tissue volume chosen. These 
activity densities were then used to con- 
struct a ratio of activity of each brain 
region to that of the activity in the entire 
tomographic slice. We calculated the ratio 
TP/WTS by taking the mean activity den- 
sity of left and right TP cortex for the 
numerator, and derived a similar ratio for 
F/WTS. Thus, quantitative analysis was 
based on evaluation of amounts of activity 
in one brain region relative to activity in 
the entire slice. The input function was not 
used to give interpatient comparisons, 
since the brain ratio method is the more 
practical alternative as determined by our 
extensive series of PET studies, in which 
both absolute and ratio quantitations were 
used. e 

Data were analyzed using two-tailed 
Student's t tests to evaluate differences 
between groups for each ratio. The rela- 
tionship between the TP/WTS ratio and 
disease severity was evaluated through the 
use of regression analysis. 


Subject Characteristics * 


Patients With AD 


Variabes (n = 9) 
Age. y 
Mear 71 
SD 5 
Rance 63-79 


Education, y 
Mear 


MMSO score 
Mear 


SD 


Controls Patients With MID 
(n = 5) (n = 2) 
70 74.5 
6 3.5 
63-79 72-77 





"AD mdieates Alzheimer's disease; MID, multi-infarct dementia; and MMSQ, Mini Mental Status Question- 


naire. 





AD 


RESULTS 


Figure 1 shows SPECT-IMP images 
for one subject with AD, one control 
subject, and one subjeet with MID at 
the midventricular level. The subject 
with AD demonstrated diminished 
radionuclide uptake in TP cortex 
bilaterally. This pattern was visually 
apparent in all of our patients with 
AD. All control subjects, represented 
by the patient in Fig 1 (center), had a 
homogeneous cortical pattern of trac- 
er distribution. Both patients with 
MID showed less activity in the fron- 
tal cortex bilaterally, and Fig 1 (right) 
demonstrates this fincing in one of 
the patients. 

Results for the TP/WTS ratio are 
shown in Fig 2. The mean value (and 
SD) of this ratio was 0.93 (0.04) for the 
AD group, 1.10 (0.05) for the controls, 
and 1.05 (0.01) for the patients with 
MID. The difference between the 
patients with AD and the controls was 
significant (P < .0005), as was the dif- 
ference between patients with AD and 
those with MID (P < 005). Controls 
and patients with MID did not differ 
on this measure. As Fig 2 shows, not 
only are the means for the patients 
with AD different from those of the 
controls and the patients with MID, 
but there is also no overlap between 
patients with AD and those in either 
of the other groups. 

Evaluation of the F/WTS ratio 
showed that patients with MID and 
lower values for this ratio than both 
controls and patients with AD, 
reflecting the diminished blood flow 
seen visually in frental cortical 
regions. Figure 3 demonstrates this 
result graphically for the F/WTS 
ratio. The values for tne MID group 
were significantly lower than the AD 





Control 


MID 


Fig 1.—Reoresentative single photon emission computed tomographic- N-isopropyl-p-iodoamphetamine images from 
patient with Alzheimer's disease (AD), patient with multi-infarct dementia (MID), and control subject. All images ar» at 
midventricular level in plane parallel to canthomeatal line, and represent 20 minutes of data collection. 
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group for this ratio (P < .05), while 
other comparisons were not statisti- 
cally significant. 

A plot of disease severity (measured 
by the MMSQ) vs the TP/WTS ratio is 
shown in Fig 4. Results of the regres- 
sion analysis demonstrated a Pearson 
product-moment correlation coeffi- 
cient of 0.81, which is statistically 
significant (P < .01). 


COMMENT 


The primary finding to emerge 
from this study is that the rCBF 
pattern of temporoparietally dimin- 
Controls ished blood flow measured using 


SPECT and IMP is similar to the 
Fig 2.—Ratio of mean of right and left temporoparietal (TP) activity to activity in whole pattern seen using PET with a variety 
tomographic slice (WTS) for three subject groups. Solid symbois indicate individual subject 
values; open symbols, group means; AD, Alzheimer's disease; and MID, multi-infarct demen- 
tia. 


u) 
f= 
= 
oO 
j= 





of metabolic and flow tracers. Fur- 
thermore, this pattern is sufficiently 
distinctive to allow differentiation of 
patients with AD from both healthy 
controls and from patients with MID 
without any overlap between the AD 
group and either of the other groups. 
The ratio of TP to WTS activity also 
correlated strongły with disease 
severity measured neuropsychologi- 
cally. 

The lack of overlap between the AD 
and control groups is important, since 
three of the patients with AD, with 
MMSQ scores of 26, 27, and 28, were 
very mildly affected. In each case 
either a family member or a family 
physician had recently thought the 
patient normal. One of these patients, 
with an MMSQ score of 28, had cogni- 
Control tive deficits limited to memory loss, 
which placed him in the category of 


Fig 3.—Ratio of mean of right and left frontal (F) activity to whole tomographic slice (WTS) ate oim cv i er Nd 
activity for three subject groups. Solid symbols indicate individual subject values; open symbols, eria. evertheless, his clinical his- 


group means; AD, Alzheimer's disease; and MID, multi-infarct dementia. tory indicated the typical onset and 
progression of AD, and results of neu- 


ropsychologic evaluation of visual and 
verbal memory were typical of AD.!”""8 
The ability of SPECT to allow dis- 
crimination of these patients from 
normal-aged individuals suggests 
that this imaging modality is sensi- 
tive in early stages ef the disease. This 
is consistent with data from PET 
experiments using fluorodeoxyglucose 
F18 that have demonstrated signifi- 
cant TP metabolic abnormalities in 
patients with mild disease limited 
only to memory loss.*!* 

The finding of a strong relationship 
between the TP/WTS ratio and clini- 
cal disease severity is also in agree- 
ment with prior data obtained using 
PET. Several studies have docu- 
mented significant correlations be- 
tween PET measurements of cerebral 
blood flow or metabolism in whole 
Fig 4.— Graph of dementia severity measured by Mini Mental Status Questionnaire (MMSQ), vs cortex and dementia severity.^??! Our 
temporoparietal (TP) / whole tomographic slice (WTS) ratio for patients with Alzheimer's disease. results may be particularly strong 
Pearson product-moment correlation coefficient, r = .81 (P < .01). because we evaluated the brain region 





TP/WTS 
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Hewed diserimination of all - 


resulting in a population of patients 
with AD that was relatively homoge- 
neous, even though it was composed of 
patients with different levels of dis- 
ease severity. Asymmetry of SPECT 
findings was not used to disqualify 
patients, and was ignored by taking 
the mean of left and right hemi- 
spheres. Finally, instrument resolu- 
tion may also account for some of the 
differences between our results and 
those previously reported in the liter- 
ature. 

The blood flow patterns seen in our 
patients with MID demonstrate a pro- 
pensity for frontal involvement, 
which has not been noted as a partic- 
ular characteristic of MID. This may 
be because our patients with MID did 
not have multiple large cortical 
infarcts, but rather had multiple lacu- 
nar infarcts and deep white matter 
lesions demonstrated on CT and mag- 
netic resonance imaging scans. These 
findings suggest the possibility of 
Binswanger's disease, or subcortical 
arteriosclerotic encephalopathy.” A 
relationship between the clinical find- 
ings of frontal lobe symptoms and this 
vascular process has been correlated 
with the tendency of ischemic soften- 
ing and lacunar infarction to involve 
frontal subcortical white matter.’ We 
suspect that our findings of reduced 
frontal lobe flow are the physiologic 
concomitant of this clinicopathologic 
syndrome. Since there was no roent- 
genographic evidence of frontal corti- 
cal infarction, the SPECT results 
probably represent the distant effects 
of deep white matter infarction. We 
emphasize, however, that this pattern 
is not characteristic of MID, since 
large cortical infarcts of the type 
often seen in MID would be expected 
to involve many different cortical 
regions. In addition, to our knowledge, 
the frontal pattern that we describe 
has not been seen in PET studies of 
subcortical arteriosclerotic encepha- 
lopathy.” Further data on additional 
patients are needed to evaluate the 
significance of this finding in our two 
patients. 

The pathophysiologic significance 
of the TP deficits that are seen with 
the use of a variety of PET and 
SPECT tracers is uncertain. All emis- 
sion tomographic techniques are used 
to measure biochemical processes in 
tissue volumes: thus, the composition 
of this volume may result in changes 
in measurements. Current evidence 
from PET studies suggests that 
diminished flow results from dimin- 
ished metabolic demand because of 
the finding of normal oxygen extrac- 
tion ratio.” This reduced metabolic 





demand, however, may occur because 

of a biochemical abnormality in cere- 
bral metabolism, because of dimin- 
ished metabolic activity resulting 
from deafferentation producing less 


neuronal metabolism, or simply 
because fewer neurons are actively 
metabolizing substrate. Interesting in 
this regard is the finding that PET 
metabolic deficits in parieto-occipital - 
cortex in AD reverse when CT correc- 
tions for atrophy are applied,” sug- 
gesting that cells might be metaboliz- 
ing glucose normally but that there 
are fewer functional cells per image 
volume. Also important are the obser- 
vations that TP cortex is the site of 
primary histopathologic involvement 
of AD” and that cortical cholinergic 
deficits are pronounced in this brain 
region.»** It has been suggested that 
TP abnormalities found when emis- 
sion tomographic tracers were used to 
study a variety of physiologic process- 
es in AD represent a nonspecific epi- 
phenomenon consequert to a severe 
neuronal degenerative process involv- 
ing this brain region." 

Although the regional nature of 
these abnormalities must ultimately 
be explained in order to understand 
the etiology and pathogenesis of AD, 
the findings are nevertheless useful at 
the present time. Additional informa- 
tion vital for prognostication, staging, 
and the evaluation of treatment regi- 
mens might also be extracted from 
this noninvasive approach, although 
the full potential cannot be evaluated 
until a more extensive study has been 
completed. The strong correlation 
between the degree of diminished TP 
blood flow and disease severity never- 
theless suggests that the degree of TP 
involvement reflects a biologic pro- 
cess that is significantly linked to the 
production of disease symptoms. The 
ability to measure these changes with 
SPECT, to follow their progression 
longitudinally, and to correlate them 
with clinical features of the disease 
will be extremely useful in the diagno- 
sis of dementia and in understanding 
dementia pathophysiclegy. 
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Gait Disorder in Late-Life Hydrocephalus 


Lewis Sudarsty, MD, Sheldon Simon, MD 


€ Computerized analysis of gait was 
performed in six patients with hydroceph- 
alus (mear age, 75.7 years), for compari- 
son with cther elderly patients with gait 
problems and age-matched controls. A 
decrease in velocity and stride, an 
increase in sway, and the proportion of 
time spen. in double-limb stance were 
nonspecific features correlated with 
declining performance. Certain features 
appeared `o characterize hydrocephalic 
gait when compared among groups; 
cadence was diminished, and there was a 
reduction cf step height and a decreased 
counterrotation of the shoulders relative 
to the peis. An abnormal tendency 
toward cocontraction in antagonist mus- 
cie groups was observed in electromyo- 
graphic data from the leg muscles, sug- 
gesting tha: the normal phased activation 
of muscle sroups is disturbed. Although 
data are nct conclusive. we believe that 
the gait cisorder in normal-pressure 
hydrecephaius reflects a subcortical 
motor contro! disorder rather than a phe- 
nomenon of spasticity or apraxia. 

(Asch Neuro! 1987;44:263-267) 


The synårome of normal-pressure 

hyrdroce»halus (NPH) was intro- 
duced in 1965 by Adams et al.' They 
described a characteristic clinical pic- 
ture ef “miid impairment of the mem- 
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ory, slowness and paucity of thought 
and action, unsteadiness of gait, and 
unwitting urinary incontinence" asso- 
ciated with ventricular enlargement 
and a cerebrospinal fluid (CSF) pres- 
sure of 180 mm H,0 or less. The triad 
of presenting features includes a fron- 
tal dementia and urinary inconti- 
nence, but patients have been recog- 
nized who present in late life with gait 
disorder alone. While NPH is an 
uncommon cause of the dementia syn- 
drome, it is now recognized as a sig- 
nificant contributory cause of gait 
disorders in the elderly. The gait 
problem has been described as gait 
apraxia, with feet “glued to the floor,” 
widened base, and difficulty initiat- 
ing/* Various theories have been 
advanced to explain the pathophysiol- 
ogy. We propose that the disturbance 
in gait is a high-level motor control 
disorder rather than a phenomenon of 
spasticity or apraxia. 

Using the technology of automated 
gait analysis, Knutsson and Lying- 
Tunell recently studied 11 patients 
with NPH (mean age, 65.7 years). 
They noted reduced speed and range 
of joint movement and a persistent 
pattern of electromyographie (EMG) 
activity in the antigravity muscles 
throughout the gait cycle. Sorensen et 
al,’ in 16 patients, noted a gait that 
was unsteady, erratic, and inefficient. 
While these reports represent large 
patient populations and included 
patients treated surgically, they did 
not include many older patients, nor 
did the authors study appropriate 
controls. We have used a computer- 
assisted gait analysis laboratory to 
study the walk of the patients with 
late-life hydrocephalus, for compari- 
son with elderly normal controls and a 
second control group of patients with 


neurologic disease. We sought to 
ascertain what recognition features 
characterize the gait in NPH and to 
gain insight into the abnormal physi- 


ology. 
PATIENTS AND METHODS 


Three groups of patients were studied. 
The six patients in group 1 had hydroceph- 
alus with gait disorder. Mental status was 
normal in two patients (patients 1 and 6) 
and mildly impaired in ore (patient 5). 
Moderate to severe dementia was present 
in the others. Patient 2 had a colloid cyst of 
the third ventricle and partial obstructive 
hydrocephalus, as in one of the original 
published cases of Adams et al.' In four 
patients (patients 1 and 3 to 5), diagnosis 
of NPH was confirmed by radioisotope 
cisternogram (delayed clearance or no flow 
over the convexity at 72 and 96 hours) and 
by response to CSF removal. Patient 6 had 
an open CSF infusion test with intracrani- 
al pressure monitoring. No disturbances of 
sensation were noted in patients from 
group 1. 

Group 2 was a heterogeneous group of 
neurologic patients referred for gait disor- 
der. Diagnoses are listed in Table 1. None 
of the eight patients in group 2 had severe 
visual loss, and none complained of vertigo. 
Patients 1, 4, and 5 had disturbances in 


Table 1.—Diagnoses in Neurologic 
Patients With Gait Disorder (Group 2) 


Patient/ 
Age, y/Sex 
1/83/F 
2/85/F 


Diagnosis 


Cerebellar degeneration 

Multiple cerebral 
infarcts 

Myelopathy, cervical 
spondylosis 

Cerebellar degeneration 

Arthritis, early 
Parkinson’s disease 

Depression 

Idiopathic disease 

Spinal stenosis, early 
Parkinson's disease 


3/80/F 


:4/70/F 
5/83/M 


6/81/M 
7/79/F 
8/71/F 
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proprioception in the lower extremities 
sufficient to impair balance. Patients 2 and 
4 had abnormalities in bedside tests of 
mental status. 

Group 3 was composed of elderly normal 
controls seen in the gait labcratory as part 
of a normative study. No sersory or cogni- 
tive impairment was noted. 

Motion of the trunk and limbs was 
recorded by three high-speed 16-mm cam- 
eras mounted in orthogonal spatial planes. 
Surface EMG was collectec from the leg 
muscles. Pictures were digi-ized frame by 
frame, and data from an entire gait cycle 
were analyzed using a high-performance 
minicomputer (VAX 11-780). Processed 
data included parameters that define the 
mechanics of gait and graphics at intervals 
during the gait cycle (Fig 1). Data on joint 
angle at the hip, knee, and ankle during the 
gait cycle were recorded. Data on trans- 
verse pelvic rotation, arm swing, and so on, 
were measured off the printout using a 
Cambridge protractor. Computed tomo- 
graphic scan was obtained in the symp- 
tomatic patients (groups 1 and 2). Ventric- 
ular size was represented as a ratio (Evans' 
ratio), derived from linear measures across 
the frontal horns and across the inner 
table. Third ventricular size was similarly 
expressed as a ratio. 

Data on the groups were compared using 
Students’ t test, except for timing parame- 
ters, which were compared using a non- 
parametric test. Data were also studied for 
comparison with a prior series of normal 
older men described by Murray et al.’ 


Fig 1.— Compu:er graphics depict- RESULTS 
ing one gait cycle. Compared with Data for the three patient groups 
normal control Gop); patient: with are summarized in Table 2. The mean 


normal-pressure hydrocephalus ex- 
hibits reducec stride and de- 
creased step height. 


age of our patients with NPH (group 
1) was 75.7 years. The two control 
groups were of similar age (mean, 79 
years). Group 1 and 2 were compara- 
bly impaired, as reflected in a mean 
velocity roughly half normal for age. 

When the symptomatic patients 
(groups 1 and 2) were compared with 
normal controls (group 3), several 
abnormalities were observed. Param- 
eters such as velocity, stride length, 
base of stance (step width), and later- 
al sway of the trunk were comparably 
abnormal in groups 1 and 2. Stride 
length and velocity were reduced in 
parallel. Range of motion was dimin- 
ished at the hip and knee as stride 
uia n i i i length decreased. The proportion of 
, the gait cycle spent with both feet on 
the ground (percent time in double- 
limb stance) increased linearly as 
velocity declined (Fig 2). There were 
ie "m : | no significant differences between 
| Fig 2.—Relationship of velocity to proportion groups 1 and 2 in any of these param- 
| Of gait cycle spent with both feet on floor (all eters. Features such as widened 


| patients). Relationship is linear (7 = 79%). . 
| Correlation is most striking in patients with stance, short steps, and increased 


: velocity less than 1 m/s. time in double-limb stance were 
. thought to 














reflect biomechanical 
spp ier 1 CRT ANNUS 2 Soo DR e T EE ls CR adaptations to declining competence. 
; HE, 9 Of, e a a a When patients with NPH were com- 


Velocity, m/s pared with patients in group 2, several 


% Time in Double-Limb Stance 
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Group 1: NPH 


ait Analysis (n = 6) 


| Table 2.—Data on Gait in Three Groups * 


Group 2: Mixed Gait 
Disorders (n = 8) 


Group 3: Normal 
Controls (n = 6) 


Veloci», m?s 0.467 + 0.345 0.624 + 0.234 1.126 + 0.157 


Stride &ngth, m 

Caderme, steps/min 

Gait œe, s | 

96 time an double-limb 
stare 


0.603 + 0.337 
85.7 + 27.5 
1.61 + 0.71 


50 + 18 
0.146 + 0.039 


Step width, m 
Clearampe, arbitrary 


0.680 + 0.271 
109.8 + 6.7 
1.10 + 0.07 


1.186 + 0.166 
112.4 + 9.6 
1.07 + 0.08 


42 + 10 
0.154 + 0.052 


2B 9 
0.140 + 0.044 





grap-ics units 


0.085 + 0.088t 


0.183 + 0.0741 0.208 + 0.049 


Flexior cf trunk, degrees KB + 7.1 45+ 3.8 0 
Arm swmg. degrees 16.3 + 11.0 13:7 = 7:6 39.4 + 15.5 
Torsior of trunk, degrees 6.2 = 2.31 Lie + 21 T9 TO 


Lateral sway, degrees af 5.1.3 
Frontal zom (proportion of 


transwerse diameter at 


Sox EY 2.6 * 0.8 





inner abie) 


Third veatr:cte, proportion 
of biparietal span. 


0.389 + 0.056tf 


0.083 + 0.016¢ 


0.32 + 0.054tf 


0.039 + 0.0191 





* Values sse-mean + SD. NPH indicates normal-pressure hydrocephalus. 
*Differen-ss in group 1 vs group 2 are significant at P < .05. 


>Significam! differences at P < .005. 


differences were observed. The ca- 
dence (nwmber of steps per minute) 
was redueed im the patients with NPH 
at the margin of statistical signifi- 
eance (P = .056), confirming the clini- 
eal impression of slowness of step. 
This paremeter showed prolonged 
improvement, often greater than 96 
hours, fellawing lumbar puncture. 
Clearance (step height) was dimin- 
ished (P —.95). For three of these 
patients, sep height was unmeasura- 
bly small, as suggested by the classic 
deseriptio- of patients “stuck to the 
foor.” Pe-"e rotation and the coun- 
terrotation of the sheulders over the 
pelvis (torsion of the trunk) were 
markedly diminished (P< .005), a 
pattern ake observed in gait studies 
of patient: with Parkinson's dis- 
ease." Patients showed slight flex- 
ien of the rank (not significant) but 
were not otherwise parkinsonian. 
Arm swing for example, was full. 

Several features of motor perfor- 
mance shoredsome degree of correla- 
tion with measures of ventricular size. 
In groups 1 and 2, clearance of the foot 
of the finer in the swing phase 
decreased as ventricular size in- 
creased (77 = 29.3% ). Reduced torsion 
of the truzk showed a similar rela- 
tionship but only for the patients in 
group 1. 

A trend was evident in analysis of 
EMG data from cases of NPH, 
although this could not be expressed 
quantitatively. Surface EMG from the 
lez muscles during gait normally 
reveals an ordered phasic pattern of 
mascie activation (Fig 3). Two of our 
patients win NPH with mild to mod- 
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erate degrees of gait impairment 
showed abnormal cocontraction of 
proximal agonist and antagonist mus- 
cles during the gait cycle. Two 
patients with more severe impairment 
exhibited continual activation of the 
antigravity muscles throughout the 
gait cycle, as described previously by 
Knutsson and Lying-Tunell. Patients 
in group 2, by contrast, showed a more 
normal pattern of surface EMG activ- 
ity. 
COMMENT 


Many of the features cited in the 
clinical descriptions of patients with 
NPH appear to be nonspecific signs of 
failing gait. Short steps, widened 
stance, and an increase in the propor- 
tion of the gait cycle spent in double- 
limb stance are correlated in our 
study with poor performance regard- 
less of cause. Patients in both groups 1 
and 2 had excess lateral sway of the 
trunk. 

Patients with NPH did exhibit sev- 
eral distinctive features. A reduction 
in step height was characteristic 
(shuffling, feet stuck to the floor). A 
slight decrease in cadence and flexion 
of the trunk and a decrease in pelvic 
rotation were noted. Counterrotation 
of the torso was markedly diminished. 
Clinically, patients were noted to dis- 
play increased tone in the legs and 
diffieulty with the initiation of gait. 
These features are common to NPH 
and to Parkinson's disease, a well- 
characterized subcortical motor con- 
trol disorder.^" A difference was 
observed in associated movements of 
the upper limbs during gait, move- 


ments more consistently disturbed in 
Parkinson's disease. 

Surface EMG recordings in patients 
with NPH showed a disordered pat- 
tern of muscle activation, a pattern 
described previously by Knutsson and 
Lying-Tunell.? The data on cocontrac- 
tion is open to various interpretations. 
Coactivation of agonist and antago- 
nist muscles in the leg may represent 
a response to slowness or poor bal- 
ance, a compensatory mechanism sim- 
ilar to the modifications described 
above. This pattern was not as evident 
in group 2 in patients with compara- 
ble loss of facility. Alternatively, the 
normal pattern of sequential muscle 
action may be compromised at some 
level of motor planning or execution. 
A pattern of continual activation of 
leg muscles, with loss of phasic 
response, was seen in two of our late- 
stage patients. This more profound 
abnormality in the architecture of the 
gait suggests an impairment of motor 
control. 

The gait disorder in NPH was ini- 
tially described by Adams et al! as an 
unsteadiness “difficult te characterize 
and apparently not cerebellar in 
nature." Gait impairment in hydro- 
cephalus is thought to be related to 
compromise of efferents from the leg 
area of motor cortex.^? This might 
occur from pressure on the adjacent 
white matter as the frontal horn 
expands or from abnormal cerebral 
metabolism or brain edema.'*" Den- 
ny-Brown and Meyer and Barron” 
introduced the term ga# apraxia in 
describing patients with diseases 
involving the frontal lobes, a term 
that has been adopted to describe the 
similar gait disorder seen in NPH.° 
The descriptions of gait disorder as an 
apraxia have always been controver- 
sial. Unlike patients with apraxia for 
other learned movements, most of 
whom can imitate or otherwise cue 
the movement, patients with gait 
apraxia are unable to produce normal 
walking movements under any cir- 
cumstance. 

Primate studies have shown that 
the normal sequence of movement in 
upright bipedal gait can be expressed 
from centers in the midbrain and 
diencephalon.” Gait control in pri- 
mates appears to rely on the reticulo- 
spinal and vestibulospinal pathways 
more than the corticospinal tract.” 
These effector pathways have come 
under forebrain control, but there is 
no convincing data to suggest that 
walking is a cortical performance in 
humans. Descriptive gait studies of 
this sort cannot resolve basic ques- 
tions of mechanism but tend to sup- 
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Fig 3.— Surface electromyograms recorded during gait. Normal 
control (top left) shows phasic pattern of muscle activity. Patient 
with normal-pressure hydrocephalus and mild to moderate gait 
impairment (top right) shows cocontraction in proximal muscle 
groups. Patient with normal-pressure hydrocephalus and severe 
gait impairment (bottom) shows continual activity cf leg mus- 
cles. 
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port an alternative hypothesis about 
the difficulty ir walking observed in 
NPH. The patients have axial stiff- 
ness, a somewhat parkinsonian man- 
ner of walking, and a loss of the phasic 
pattern of muscle activation during 
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the gait cycle. We believe that the gait 
impairment in NPH is a subcortical 
motor control disorder, a fundamental 
failure to execute the motor perfor- 
mance, reversible in the early stages 
with treatment of the hydrocephalus. 
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Severity of Tourette's Syndrome 
in One Large Kindred 


Implication for Determination of Disease Prevalence Rate 


Roger Kurlan, MD; Jill Behr, RN, MS; Louis Medved, MD; Ira Shoulson, MD; 


David Pauls, PhD; Kenneth K. Kidd, PhD 


@ An accurate prevalence rate for 
Tourette's syndrome (TS) has not been 
established. To assess severity of illness, 
a potential source of bias in determining 
prevalence rate, we administered stan- 
dardized questionnaires and examina- 
tions to 159 members of a large Menno- 
nite kindred showing apparent autosomal 
dominant transmission of motor and vocal 
tics (TS) or chronic motor tics (CMTs). 
Fifty-four family members were diag- 
nosed as having definite or probable TS 
or CMTs. For these 54 subjects, 3096 


' (n = 16) were unaware of tics noted by 


the examiners and only 18.5% (n = 10) 
had sought medical care. Our findings 
suggest that most cases of TS and CMTs 
are mild and do not come to medical 
attention. These tic disorders are proba- 
bly much more prevalent than generally 
appreciated. 
(Arch Neurol 1987;44:268-269) 
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A accurate lifetime prevalence rate 
for Tourette's syndrome (TS) has 
not been established. Recent esti- 
mates have ranged from 0.03% to 
1.695.'? Estimates have been based on 
case series of patients referred for 
treatment'* or on data obtained from 
questionnaires without clinical evalu- 
ations.. It is likely that patients 
referred for treatment represent a 
more severely affected portion of the 
total TS population. To assess severity 
of illness, a potential source of bias in 
determining prevalence rate, we sys- 
tematically evaluated members of a 
single large Canadian Mennonite kin- 
dred showing apparent autosomal 
dominant transmission of motor and 
vocal ties (TS) or chronic motor tics 
(CMTs), two related conditions that 
probably share a common cause.*’ 


METHODS 


We made research field trips to Canada 
and administered a standardized question- 
naire and examinations to all available 
family members. The questionnaire ad- 
dressed the following: (1) clinical features 
of motor (simple or complex) and vocal 
tics, including age at onset, frequency, and 
severity (0 to 5 scale), suppressibility, and 
duration; (2) associated behavioral symp- 
toms, including attention deficit disorder, 
obsessions, and compulsions; and (3) previ- 
ous medical care related to TS, including 
diagnoses and medications used. Family 
members were assigned diagnoses using 
the Diagnestic and Statistical Manual of 


Mental Disorders, edition 3 criteria, video- 
tapes, and independent ratings. Diagnoses 
included definite or probable TS, definite 
or probable CMTs, or unaffected. The fam- 
ily pedigree and more detailed descriptions 
of our tic severity scale, other clinical 
evaluation measures, and diagnostic crite- 
ria have been previously reported.‘ 


RESULTS 


One hundred fifty-nine family 
members were evaluated. We diag- 
nosed 54 subjects as definite or proba- 
ble TS or CMTs. This group included 
34 male subjects and 20 female sub- 
jects ranging in age from 3 to 78 years 
(median age, 33 years) at the time of 
evaluation. Tics occurred, on the aver- 
age, every five to 15 minutes. In this 
group of 54 diagnosed subjects, 16 
(30% ) were unaware of tics noted by 
the examiners and only ten (18.5%) 
had sought medical care for their tic 
disorder. Seven subjects (18%) had 
received medications, including non- 
specific tranquilizers (n = 6), and spe- 
cific tic-suppressing drugs (n= 1). 
Only two family members (3.7% ) were 
diagnosed by local physicians as hav- 
ing a tic disorder. In neither case was 
the diagnosis of TS made. 


COMMENT 


Our systematic analysis of the 
severity of TS in a single large kin- 
dred, using a family study method in 
which all available family members 
are directly interviewed and exam- 
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P Chiverton; RN, MS, personal gher 
vation, March 1985). Diagnostic crite- 
ria for TS included subjects with ties 
only and excluded those with associ- 
ated behavioral disturbances alone. 
For most of the affected children, TS 
was a mild disorder requiring no drug 
treatment. | 

The severity characteristics of TS 
must be taken into account for deter- 
mination of disease prevalence rate. 
Furthermore, although we have 
restricted our present analysis to the 
tic disorder of TS, we and others have 
provided evidence that other behav- 
ioral disorders, including obsessive- 
compulsive disorder? and attention 
deficit disorder with hyperactivity,’ 
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Influence of Dietary Protein on Motor 
Fluctuations in Parkinson's Disease 


Jonathan H. Pincus, MD, Kathryn Barry, MSN, RN 


@ On a nearly zero protein diet, 11 
patients with Parkinson's disease with the 
“on-off” effect demonstrated great sensi- 
tivity to levodopa (L-dopa)-carbidopa and 
reduced fluctuations. Eight patients 
required a 41% reduction in total .-dopa 
dosage and discontinuation of all adju- 
vant therapy to reduce the preponder- 
ance of chorea. On a high-protein diet, all 
patients were immobilized by bradykine- 
sia for most of the day. A low-protein 
dietary regimen during the daytime offers 
an important technique for the control of 
fluctuations in patients with Parkinson's 
disease who are receiving L-dopa-carbi- 
dopa. | 

(Arch Neurol 1987;44:270-272) 


The clinical management of idio- 

pathic Parkinson's disease has 
been revolutionized by the introduc- 
tion of levodopa (L-dopa) therapy.’ It 
has significantly reduced disability 
and has extended life expectancies of 
persons afflicted with the disease. 
However, with prolonged treatment, 
disabling side-effects are encoun- 
tered. It has been reported that up to 
84% of patients treated with L-dopa- 
carbidopa (Sinemet) therapy will 
experience pharmacologie difficulties 
within ten years of initiating thera- 
py. Commonly encountered prob- 
lems include loss of drug efficacy, 
end-of-dose failure, dyskinesia, and 
fluctuations. 

The precise mechanism of the flue- 
tuations that do not respond to change 
in dosage schedule and do not repre- 
sent end-of-dose failure is unknown. 
Numerous hypotheses have been pro- 
posed, such as impaired L-dopa 
absorption from the gastrointestinal 
tract, reduced availability of central 
nervous system dopamine, the forma- 
tion of condensation products, and/or 
alteration in striatal dopamine recep- 
tor sensitivity.“ Numerous interven- 
tions for optimizing clinical manage- 
ment have been reported.'' These 
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have included alterations in L-dopa 
dosage and time ef administration, 
the addition of agonists and adju- 
vants, and hospitalization for drug 
holidays, but these meet with only 
limited success in many cases. Cur- 
rently, there is no universally effec- 
tive or accepted treatment for the 
ambulatory care management of 
motor fluctuations in Parkinson's dis- 
ease. 

Several reports have indicated that 
fluctuations can be eliminated in 
some patients with Parkinson's dis- 
ease by the continuous intravenous 
administration of L-dopa." This 
would indicate that the nervous sys- 
tem of patierts with severe motor 
fluetuations is capable of responding 
to L-dopa in a smooth and sustained 
manner when the drug is delivered in 
a smooth and sustained fashion." 
Fluctuations may be the result of 
erratic L-dopa delivery to the central 
nervous system. Several studies have 
suggested that high protein meals and 
the elevated plasma level of certain 
amino acids may be factors that con- 
tribute to the erratie delivery of L- 
dopa to its striatal site of action. 

Wade and Katzman” demonstrated 
that certain naturally occurring neu- 
tral amino acids decreased the initial 
blood-brain barrier penetration of L- 
dopa. Nutt et al? and others have 
reported that high-protein meals and 
intravenous challenges of certain ami- 
no acids reverse the therapeutic bene- 
fit of constantly infused L-dopa in 
stabilized patients with Parkinson’s 
disease." These studies support the 
hypothesis that L-dopa and certain 
neutral amino acids compete for a 
carrier mechanism that permits pas- 
sage from the plasma across the 
blood-brain barrier into the brain. 

Reasoning that alimentary-derived 
amino acids may antagonize the clini- 
cal effectiveness of oral L-dopa, we 
offered a low-protein diet to 11 
patients suffering daily motor fluctu- 
ations. 

PATIENTS AND METHODS 

Eleven adults referred to the Yale Par- 

kinson's Clinic ir New Haven, Conn, with 


idiopathie Parkinson's disease of more 
than three years’ duration who were expe- 


riencing motor fluctuations were invited to 


participate in this clinical investigation. 


Table 1.—-Demographics of Patients 
With Fluctuations 


Demographics _ 


Sex 
M 
F 
Age, y 
Mean 
Range 
Duration of parkinsonism, y 
Mean 
Range 
Áge at onset of parkinsonism y 
Mean 
Range 
Duration of fluctuations, y 
Mean 
Range 





Fhictuation was defined as daily marked 
swings in response to L-dopa-carbidopa 
that unpredictably resulted in excessive 
involuntary movements (“on”) or bradyki- 
nesia with tremor (“off”). Six patients 
were admitted to the Clinical Research 
Center at Yale-New Haven (Conn) Hospi- 
tal for objective evaluation, while five 
patients were evaluated through the out- 
patient clinic only. 

Eleven adults with crippling daily motor 
fluctuations in response to L-dopa-carbi- 
dopa followed a low-protein diet. There 
were six men and five women, ranging 
from 46 to 70 years of age, with a mean age 
af 57 years. They had Parkinson's disease 
cf six to 20 years’ duration, with a mean of 
12 years. The age of onset for Parkinson's 
disease ranged between 30 and 60 years, 
with a mean age of onset of 45 years. These 
patients had experienced fluctuations for 
one to ten years, with a mean of five years 
(Table 1). During that time, they had not 
responded to readjustment in L-dopa dos- 
age, agonists, adjuvants, and in four cases 
(36% ) drug holidays. At the time of refer- 
ral to the Parkinsons Clinie, seven 
patients (64%) were receiving adjuvants. 
Two patients were diabeties, and one of 
these was insulin dependent for diabetes 


control. 


The low-protein ciet (really a no-protein 
diet, as far as was possible) provided 7 g of 
protein before the evening meal. The high- 
protein diet consisted of a specially pre- 
pared liquid nutrient that was adminis- 
tered as "milk shakes" at intervals 
throughout the day and provided 160 g of 
protein. 

The patients were aware of their diet's 
composition. The examiners blindly rated 
the patients from videotapes made hourly 
during the days of study. 
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Clincalmerformance of three patients admitted to hospital was studied on two different protein diets, low protein anc high prorein. Hourly 
assessment of climcal function using AIMS Dyskinesia Scale or Northwestern (NW) Parkinsonian Disability Scale was documented between 
B aw ard-4 pm. Amount and time of medication administration were held constant. While on low-protein diet, patients demons'rated fairly 
persistem cherea, and they experienced fairly persistent immobility on high-protein diet. All patients were given levodopa-carbidopa (25 
tablets »t 100 mg)sstarting at 8 AM. Patient on upper-left graph received one tablet hourly, as did patient on upper right. Patien: on bottom 


recevec one-half blet every two hours. 


RESULTS 


Nine paczents (82%) experienced a 
marked relief ef parkinsonian symp- 
. tems and lessening of fluctuations 
" from a icw-protei» diet, while two 
patients ( 595) experienced mild to 
moderate ~elief. Those patients who 
experienced a marked change consis- 
tently demonstrated chorea while 
receiving a ow-provein diet but expe- 
rienced persistent bradykinesia when 
they were en a high protein diet (Fig- 
ure). Two patients who experienced 
mild effects ‘rom the low-protein diet 
continued «€ experrnee some motor 
fluctuations, but these were of 
reduced sewerity. Hewever, these two 
patients exmeriencec almost unremit- 
ting parkinsenian bradykinesia when 
they received the high-protein diet. 

The range of park nsonian disabili- 
ty while om the high-protein diet for 
the six hospitalized patients was 16 to 
50. with a mean Nerthwestern Dis- 
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Table 2.—Response to Dietary Protein of Six Hospitalized Patients 


Score 
Northwestern Parkinsonian 
Disability Score (+ SEM) 
Mean 


AIMS Dyskinesia Score" 
Mean 





High Protein Low Protein 


10 + 2 (P< .01) 


* Only two of six patients experienced dyskinesia. 


ability of 34. Only two patients experi- 
enced dyskinesia while receiving the 
high-protein diet. The range was 0 to 7 
on the AIMS scale, and the mean 
AIMS score was 2. The range of par- 
kinsonian disability of the six hospi- 
talized patients while they received 
the low-protein diet was 3 to 16, witha 
mean disability of 10. Their range of 
dyskinesia while they were on the 
low-protein diet was 2 to 36, with a 


mean AIMS dyskinesia score of 16 
(Table 2). 

Eight patients required a reduction 
of 7% to 75% in their total daily 
L-dopa dosage to avoid chorea. The 
mean reduction in total daily L-dopa 
dosage was 41%. No patient on the 
low-protein diet required an increase 
in daily L-dopa dosage. Three patients 
continued on the same L-dopa dosage 
but experienced a smooth and sus- 
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tained response free from major 
motor fluctuations. Adjuvant therapy 
was successfully discontinued in all 
seven patients who were receiving it 
at the time of presentation to the 
Parkinson's Clinic. The total daily L- 
dopa dosage before the introduction of 
a low-protein diet ranged between 500 
and 2800 mg (mean, 1259 mg), where- 
as the total daily L-dopa dosage dur- 
ing the low-protein diet ranged 
between 300 and 1750 mg (mean, 811 
mg) (Table 3). 

The follow-up of these 11 patients 
has ranged between one and 12 
months (mean, five months). Nine 
have continued to comply with this 
dietary regimen. One patient has 
moved and was unavailable for follow- 
up, and another, with recurrent pan- 
creatitis, experienced further attacks 
of pancreatitis and discontinued the 
diet. 


COMMENT 


Crippling motor fluctuations in 
response to L-dopa-carbidopa therapy 
during daytime hours can be marked- 
ly ameliorated by eliminating dietary 
protein from breakfast and lunch. 
This simple, but effective dietary 
modification has permitted patients 
to achieve a smooth and predictable 
response to therapy. Patients have 
experienced markedly improved glob- 
al function and sensitivity to L-dopa. 
This dietary regimen has permitted a 
reduction in the total daily L-dopa 
dosage and discontinuation of adju- 
vants while the patients have main- 
tained a near normal clinical state. 

The low-protein diet consists of vir- 
tually no protein from the time of 
awakening until 5 PM. Patients are 
provided with extensive dietary coun- 
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Dose Regular Diet 


Mean, mg + SEM 1259 + 227 
Range, mg 500-2800 


seling and written discharge instruc- 
tions. From the time of awakening 
until the evening meal, an unre- 
stricted quantity of the following can 
be consumed: 


Fluids: coffee, tea, soda (not diet soda), all 
fruit and vegetable juices, water, non- 
dairy liquid creamers (eg, Polyrich). 

All fresh and dried fruits. 


All green and yellow vegetables: lettuce, 
tomatoes, cucumbers, onions, cauliflow- 
er, broccoli, squash, carrots. 


Certain cereals are low in protein (eg, 
Rainbow Brite, Rice Krispies, and Rice 
Chex). Read the labels for a cereal with 2 
g of protein per serving. Eat cereal dry 
or with nondairy creamer. 


Graham crackers; melba toast (Devonsher 
Honeybran); fried onion rings; potatoes 
without the skin, cooked in any way, 
including french fries; toaster pastries 
(eg, Pop-Tarts). 

Italian ice, sherbert. 

Condiments: oil, vinegar, margarine, 
butter, herbs, spices, salt, pepper, sugar, 
honey, jams, powdered nondairy cream- 
ers, pickles, hard candies, mints. 


Foods that are high in protein and 
should be avoided until the evening 
meal include: 


All meats: white and red meats, fish, cold 
cuts, hot dogs, sausages. 


Egg white (the yolk of hard-boiled eggs 
contains no protein; the white is solid 
protein). 

Gelatin. 


Dairy products: milk, sour cream, cheeses, 
yogurt, cottage cheese, ice cream. 
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All legumes: kidney beans, lima beans, soy 
beans. 


All nuts: peanuts, pecans, cashews, peanut 
butter. 

Chocolate, candy bars, brownies, cookies, 
cakes, pastry, pizza. 


The achievement and maintenance 
of optimal motor function lasts until 
the evening meal, which for most peo- 
ple is a high-protein meat and pota- 
toes repast with no limit on the 
amount of protein that can be con- 
sumed. After this, most patients expe- 
rience an exacerbation of their par- 
kinsonian symptoms. Outpatient ad- 
herence has been high. On this diet, 
patients can predictably expect day- 
time mobility, thus permitting near- 
normal function and independence at 
home or on the job. To date, length of 
follow-up has been up to one year. All 
patients have remained healthy. All 
patients have remained at or above 
ideal body weight, although some 
have lost weight on this diet. 

A low-protein dietary regimen 
offers an important ambulatory care 
method for the control of motor fluc- 
tuations in Parkinson's disease. Fur- 
ther investigation is warranted to 
determine how and why alimentary- 
derived amino acids contribute to the 
erratic transport of L-dopa to the cen- 
tral nervous system. 
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The Use of Apolipoprotein CII as a 


Genetic Marker for Myotonie Dystrophy 


Thomas P. Bird, MD; Michael Boehnke, PhD; Gerard D. Schellenberg, PhD; 


Samir S. Deeb, Ph; Hillary P. Lipe, RN, MN 


€ in five families we have confirmed 
the close inkage between the genes for 
myotonic dystrophy and apolipoprotein 
Cll. The total maximum lod (log of the 
odds) scor2 was 3.32 at O recombination. 
We demonstrate thet the use of a Ban | 
restriction site polymorphism for apolipo- 
protein Cll adds additional useful informa- 
tion when combined with the more com- 
monly used Taq | polymorphism. The 
potential practical Clinical use of these 
markers fcr the prenatal diagnosis of 
myotonic dystrophy is demonstrated. 

(Arch Neuroí 1987 44:273-275) 


yotonic musculer dystrophy is an 

autosomal dominant disorder 
usually characterized by progressive 
muscle weakness, myotonia, and cata- 
ract.' Other manifessations of the dis- 
ease may inelude cardiomyopathy, 
gonadal a-rophy, frontal balding, 
mental re-ardatior, and neonatal 
hypotonia with respiratory distress. 
The clinical spectrum of affected indi- 
viduals may vary frem those who are 
asymptomatic to those who die in 
infancy or young adulthood. Recent 
genetic linkage stud. es have demon- 
strated tha: the gene for myotonic 
dystrophy lies on chromosome 19 
within measurable distance of several 
genetic mar«xers.’ Our present study 
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demonstrates the clinical usefulness 
of these linkage relationships, includ- 
ing the potential for prenatal diagno- 
sis of myotonic dystrophy. 


MATERIALS AND METHODS 


With informed consent we studied 40 
individuals from five families with classic 
myotonic dystrophy. This study included 
affected and unaffected family members 
and appropriate spouses. Diagnosis of 
myotonic dystrophy was based on results 
of physical examination, electromyogra- 
phy, and slit-lamp examination of the lens. 
Saliva and serum samples were obtained 
for determination of Lutheran and Lewis 
blood groups, C3 phenotype, and secretor 
status. Leukocyte DNA was prepared from 
venous blood obtained in ethylenediamine- 
tetraacetate. Deoxyribonucleic acid was 
digested to completion with either Taq I 
(Bethesda Research Laboratories, Gai- 
thersburg, Md) or Ban I (Boehringer- 
Mannheim, Indianapolis) according to the 
manufacturer’s instructions. The resulting 
restriction fragments were electrophoreti- 
cally fractionated using 0.8% agarose gels 
and transferred to nitrocellulose mem- 
branes by the method of Southern.‘ Mem- 
branes were hybridized for 48 hours at 
42°C with phosphorus 32-labeled apolipo- 
protein CII (Apo CII) probe in Stark's 
buffer containing 10% dextran sulfate. 
Membranes were washed three times at 
room temperature in 2X SSC (sodium chlo- 
ride/sodium citrate), 0.1% SDS (sodium 
dodecyl sulfate), and twice at 55°C in 0.1X 
SSC, 0.1% SDS. 

Apolipoprotein CII genotypes were 
determined by Southern blot analysis 
using a cDNA clone for human Apo CII. 
This clone was isolated from a human liver 
cDNA library? The library was screened 
for Apo CII sequences using a synthetic 
oligonucleotide probe corresponding to 
Apo CII amino acids 5 through 10. Details 
of the screening method are given else- 
where. Several positive clones were 
sequenced. Clone CII-M6 contained an 
approximately 550 base-pair (bp) insert 
that was shown by sequence analysis to 


correspond to the previously reported Apo 
CII protein and cDNA sequences.” 

The Apo CII probe identified a diallelic 
polymorphism (RFLP) in Taq I digests. 
The following restriction fragment pat- 
terns were observed: (1) a single 3.5- 
kilobase (kb) band (fast or F/F homozy- 
gote); (2) a single 3.8-kb bard (slow or S/S 
homozygote); and (3) two bznds, one at 3.5 
kb and one at 3.8 kb (a fast/slow or F/S 
heterozygote). This banding pattern has 
been reported by others? Another RFLP 
was identified by the same Apo CII probe 
in Ban I digests. The three patterns 
observed were as follows: (1) 3 single 1.3-kb 
band (fast or A/A homozygete); (2) a sin- 
gle 2.7-kb band (slow or B/B homozygote); 
and (3) two bands, 2.7 kb and 1.3 kb (a 
fast/slow or A/B heterozygote). This Ban I 
polymorphism is possibly the same RFLP 
reported by Frossard et al.'° 

Linkage analysis between myotonic dys- 
trophy, Apo CII, Lutheran blood group, C3, 
and secretor was performed using the 
method of lod (log of the odds; scores." Lod 
scores were calculated using LIPED,” and 
three-locus linkage analysis was carried 
out using the computer program MEN- 
DEL.” Lod scores were calcalated sepa- 
rately by sex for all loci. There was no 
evidence for recombination between myo- 
tonic dystrophy and Apo CII, so lod scores 
are reported only for equa. male and 
female recombination fractions. In haplo- 
typing it was assumed that tnere are no 
crossovers between the Taq I and Ban I 
restriction sites, and this was confirmed by 
three-locus linkage analysis. 


RESULTS 


Table 1 indicates lod scores for myo- 
tonic dystrophy and Apo CII haplo- 
types for each family. The tetal maxi- 
mum lod score is 3.32 at 0 recombina- 
tion, confirming tight linkage be- 
tween these two loci. Table 2 shows 
the additional information provided 
by use of the Ban I polymorphism. The 
total lod score at 0 recombimation is 
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Recombination Fraction 


.00 
1.60 
0.10 


0.69 0.61 
0.78 0.59 


072.20 0 = .30 
0.30 


0.03 0.01 0.00 


0.50 0.36 0.19 
0.41 0.24 0.10 





wee 3.32 2.67 1.98 1.28 0.60 


* Haplotype frequency estimates (Ban I, Taq !) are as follows: AF, .2338. BF, 1591; AS, .0341; and BS, 


.5731. Lod indicates log of the odds. 


Table 2.—Lod Scores for Myotonic Dystrophy and Apolipoprotein Cll (Apo Cll) 
Polymorphisms and Haplotypes * 


Apo CII (Taq I) 2.24 1.82 1.37 0.90 0.45 


Apo Cll (Ban 1) 1.96 


Apo Cll haplotype 3.32 
(Combined Taq ! and Ban I) 


1.52 1.08 0.65 0.28 


2.67 1.98 1.28 0.60 





* Allele frequency estimates are as follows: Ban |: A, .2679; B, .7321: Tag t: F, .3929; S, .607 1. Lod 


indicates log of the odds. 


increased from 2.24 with Taq I to 3.32 
with the inclusion of the Ban I data. 
Because of the small sample size our 
estimate of 0 recombination has an 
upper 95% confidence limit of 24% 
and is consistent with previous 
reports. The lod scores for myotonic 
dystrophy, Lutheran blood group, C3, 
and secretor were very small and are 
not reported here. The information is 
available on request. 

The Figure shows the pedigree of 
one of our study families and demon- 
strates the potential use of Apo CII 
polymorphisms in genetic counseling. 
By analysis of three generations in 
this family we determined that in 
generations II and III the gene for 
myotonic dystrophy was inherited on 
a chromosome 19, which also carried 
the slow allele for Taq I and the slow 
allele for Ban I. Affected woman III-3 
has recently married and the haplo- 
types are indicated for her and her 
spouse. They have expressed a desire 
for information regarding possible 
prenatal diagnosis of myotonic dys- 
trophy. Apolipoprotein CII RFLP typ- 
ing can be done on cell lines estab- 
lished from amniocentesis. By chance 
this couple will provide a highly infor- 
mative mating. The unaffected spouse 
is homozygous for the fast Taq I 
allele. It can be seen that if the fetus is 
found to have inherited the slow allele 
for Taq I from the affected mother, 
then it will also have inherited the 
gene for myotonic dystrophy. If the 
fetus is found homozygous for the fast 
Taq I allele then it will not have 
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inherited myotonic dystrophy from 
the mother. Because of the possibility 
of recombination between the genes 
for myotonie dystrophy and Apo CII, 
these predictions have a 2% to 4% 
error rate as discussed below. 


COMMENT 


Myotonic muscular dystrophy has 
been known to belong to the Luther- 
an-Lewis-secretor linkage group since 
1951.^ The actual chromosomal 
assignment remained unknown until 
1983, when Eiberg et al^ demonstrated 
linkage of C3 to secretor. The C3 locus 
was known to be on chromosome 19. 
Subsequent studies have shown that 
the locus for Apo CII on chromosome 
19 provides the closest readily avail- 
able genetic marker for myotonic dys- 
trophy.'* Estimates of the recombi- 
nation between these two loci range 
from 2% to 4%. Our estimate of 0 
recombination is consistent with pre- 
vious estimates, given the relatively 
small size of our study families. 

Previous linkage studies between 
Apo CII and myotonic dystrophy have 
used the Taq I restriction site poly- 
morphism. Our present study demon- 
strates that simultaneous use of the 
Ban I polymorphism for Apo CII adds 
additional clinically useful informa- 
tion. The lod scores for each enzyme 
separately were less than 3, but 
exceeded 3 using haplotypes based on 
both enzymes. A lod score greater 
than 3 is considered conclusive evi- 
dence in favor of linkage between two 
loci. 


Myotonic Dystrophy 





Three-generation family (pedigree No. 4 in 
Table 1) with myotonic dystrophy. Taq | and 
Ban | diallelic polymorphic alleles are sche- 
matically indicated umder each individual. 
Genotype of deceased individual I- 1(asterisk) 
at Apo Cll locus was deduced from those of 
his spouse and children assuming no recombi- 
nation. Myotonic dystrophy gene (DM) was 
found to cosegregate with chromosome 
derived from l-1 and carrying slow alleles of 
both Taq | and Ban | polymorphisms. Note 
actual order of three loci on chromosome 19 is 
unknown and presented here for illustrative 
purposes as DM— Taa I— Ban |. DM indicates 
myotonic dystrophy gene; S, slow allele Taq | 
site; B, slow allele Ban | site; F, fast allele Taq! 
site; and A, fast allele Ban | site. 


The actual prenatal diagnosis of 
myotonic dystrophy by genetic link- 
age study has been attempted infre- 
quently using the known linkage rela- 
tionship to secretor.” The pedigree 
shown in the Figure clearly demon- 
strates the feasibility of prenatal 
diagnosis of myotonic dystrophy 
using Apo CII RFLP information. 
This is not a trivial exercise because 
myotonic dystrophy can be a severely 
disabling disorder both physically and 
mentally. This is especially true for 
the offspring of affected mothers. 
Women with myotonic dystrophy 
have a 6% to 30% risk of giving birth 
to a child with severe neonatal hypo- 
tonia, respiratory distress, and a high 
probability of death or subsequent 
mental retardation.~ The pathogene- 
sis of this neonatal syndrome is 
unknown. 

For prenatal genetic counseling of a 
couple with myotonic dystrophy to be 
informative, the affected parent must 
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Previously, some couples may have 
avoided having any children because 
of the high risk (50%) of passing on 
the myotonic dystrophy gene. In 
informative families, such as those in 
the Figure, amniocentesis with Apo 
CH haplotype determination may 
show with 96% to 98% accuracy that 
the fetus has not inherited the myo- 
tonic dystrophy gene. The couple is 
likely to continue the pregnancy and 
have a child they would otherwise not 
have conceived. Alternatively, if Apo 
CII haplotyping demonstrates a high 
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Cerebrospinal Myelin Basic Protein in 
Multiple Sclerosis 


Identification of Two Groups of Patients With Acute Exacerbation 


Claude Martin-Mondiére, MD; Claude Jacque, PhD; Annick Delassalle, PhD; 
Pierre Césaro, MD; Cleanthis Carydakis, MD; Jean-Denis Degos, MD 


| € The myelin basic protein concentra- 
e ion in the cerebrospinal fluid (CSF) of 


== 125 patients with multiple sclerosis was 


. measured using a radioimmunoassay 
technique. with a detection level of 200 


.. pg/mL. and was correlated with the clini- 


cal course of the disease. Myelin basic 
‘protein was detected in the CSF of some 
~ patients with an active progressive form 
; of the disease and in the CSF obtained 
‘during exacerbations with the presence 


5 of signs or symptoms not previously 


experienced by the patient (26 of 29 
cases were positive during the period of 


^. maximal symptoms). Myelin basic protein 


was not detected in any patient with an 
. inactive or slowly progressive form of the 
- disease, nor in any patient during exacer- 
- bations with only recurrence of old signs 
= or symptoms. These results are consis- 


tent with the hypothesis that the two 


. Clinical forms of exacerbation defined 
. above may be associated respectively 
. With the absence or presence of an acute 
. demyelination. 

(Arch Neurol 1987;44:276-278) 


| A characteristic feature of multiple 
sclerosis (MS) is the destruction 

of central nervous system (CNS) 
myelin. Measurement of levels of 


Accepted for pr June 29, 1986. 

From the Department of Neurology, Hópital 
Henri: Mondor, Creteil, France (Drs Martin-Mon- 
diére, Cé aro, Carydakis, and Degos), and the 
| Department: of Neurocheniistry, Hópital de la 
.. Salpétriere, Paris (Drs Jacque and Delassalle). 
|. Reprint requests te Department of Neurology, 
- Hôpital Henri Mondor, 94010 Creteil; France (Dr 
. Degosh ^ ^ 


. 276 Arch Neurol— Vol 44, March 1987 


myelin basic protein (MBP) within the 
cerebrospinal fluid (CSF) has demon- 
strated that, in patients with MS, 
elevated levels of MBP are present in 
many patients with active disease.'^ 
The presence of MBP in CSF is pre- 


sumably secondary to acute myelin 


breakdown. Not surprisingly, elevated 
CSF MBP levels are also found in 
patients with other active diseases of 
the nervous system.^ 

Because an elevated MBP level in 
the CSF of patients with MS provides 
an objective, albeit imperfect, marker 
of active CNS demyelination, we 
investigated the clinical correlates of 
elevated CSF MBP levels in an MS 
population. The most striking result 
was that, although MBP levels were 


elevated in the majority of patients 
with acute exacerbation accompanied 


by the appearance of new signs and 
symptoms, undetectable 
CSF MBP were invariably found in 
patients whose acute exacerbation 
consisted o? a recurrence or recrudes- 
cence of old symptoms. These results 
are consistent with the hypothesis 
that the latter type of exacerbation 


may not be associated with active — 
-. bations without such new signs or symp- 


- .. ^ oms but with the recurrence or recrudes- 
- /:;egenee of old (O) signs or symptoms (O 
. -exacerbations). First attacks were consid- 
 sered as N exacerbations. | As shown in. 
"Tables i through 8, the duration, the sever- 


CNS demyelination. 
PATIENTS AND METHODS 


One hundred and thirty-six sarily dt 
25 untreated patients with def- ^. 
inite MS were studied; two samples were. ^ ity, 
obtained from nine patients, and three . of 

samples were obtained from one patient. ne 

The CSF samples were stored below — 
~70°C. The MBP reactivity was measured 


CSF from ` 


using a radioimmunoassay technique with 
a detection level of 200 pg/mL.’ | 


levels of 


the establishment: of 


. Myeii 


Each patient was examined indepen- s 


dently by two neurologists who were 
unaware of the CSF MBP findings. All 
patients satisfied the criteria of Poser et 
al for the diagnosis o* MS and of exacerba- 
tion. In fact, in each case, the duration of 
the exacerbation was longer than eight 
days; fluctuations dae to an exogenous 
factor (eg, fatigue, overheating, or fever) 
have been excluded. Disease severity was 
assessed using the disability status scale of 
Kurtzke. The clinical course was graded as 
follows: 

1. Inactive disease: a period of one 
month or more has elapsed since the 
return of the patient's condition to the 
prebout baseline status, or the patient has 
presented with stabe residual symptoms 
for a period of at least six months; 

2. Exacerbation [divided into three 
phases): (1) relapse, the period of aggrava- 
tion of symptoms including the two-week 
period prior to the conset of symptoms; (2) 
plateau, the period cf maximal symptoms; 
and (3) remittent phase, the period lasting 
from the first sign of improvement until 


ten days after clinical stabilization has i 


occurred. 

In each phase, a distinetion was tnde 
between exacerbatiens with the presence 
of new (N) signs or symptoms, ie, signs or 
symptoms not previously experienced by 
the patient (N exacerbat:ons), and exacer- 













nd the type of clinical manifestation - 
r O exacerbations are not different; . 
eless, when the severity of exacer- - 





“ bations - “was appraised according to 


Kurtzke's disability status scale through 
lé tabi the difference 
between the prebeut disability and the 
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Table 1.— Duration of Exacerbations 


Mean + SD, mo (No. of Patients) 
M ——————————————— 
O Exacerbations N Exacerbations 








Relap= 3.1 + 4.5 (6) TEEIDS 


Table 3.— Type of Clinical Manifestation of Exacerbations 


No. of Patients (%) 
T ———————————————. 


Table 2.— Severity of Exacerbations * 


Mean + SD, mo (No. cf Patients) 


O Exacerbations 
5 + 0.9 (6) 
4.3 + 1.3 (14) 

3.5 + t () 
4.2 + 1.3 (28) 


N Exacerbations 
43.3 + 1.8 (8) 
4.7 + 1.7 (27) 
4.4 * 1.4 (11) 
2.5 + 1.6 (46) 


Relapse 

Plateau 
Remittent phase 
Total 





* Based on Kurtzke's disability status scale. 


not detected in the CSF of any patient 
with an inactive form (29 patients) or 
a slowly progressive form (18 


Optic r»uritis 

Long traet (sensory, motor, or cerebellar) 
Isolatec brain stem 

Multiple sites 

Total 


Relapse 


Exacerbations 








Plateau 


N Exacerbations 
3 (6.5) 
24 (52.2) 
4 (8.7) 
15 (32.6) 
46 (100) 


O Exacerbations 
2 (7) 
19 (68) 
O (0) 
7 (25) 
28 (100) 


Remittent 


Slow Active 


Progressive 


Fig 1.—Mye#n basic protein (MBP) in cerebrospinal fluid of patients with multiple sclerosis. Gray 
bar indicates undetectable MBP; black bar, detectable MBP; N and O, new and old exacerba- 
lions, ie, with and without signs or symptoms never previously experienced by patient. 


maximal d:sability resulting from the bout 
in questior. N exacerbations were found to 
be slightly but significantly, more severe 
than O exseerbations (2.7 + 1.7 vs 1.8 + 
L3, P< .03. 

3. Progressive disease (divided into two 
categories) (1) slow progressive forms in 
which the Kurtzke disability status score 
was stable fer six months or more prior to 
CSF sampling; and (2) active progressive 
forms in waich the Kurtzke disability sta- 
tus score inereased by one point or more 
during the previous six months. 

RESULTS 

Figure illustrates the number of 
patients n whom the MBP was 
detectable-cr not in the CSF according 
to whether the disease was inactive, 
progressive. or exacerbating, and 
according ze whether the O or N exac- 
erbation was in the relapse, the pla- 
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teau, or the remittent phase. Myelin 
basic protein was detected in the CSF 
of 32 of 46 patients with N exacerba- 
tions and in the CSF of three of 15 
patients with an active progressive 
form of the disease. Among patients 
with an N exacerbation, MBP was 
detected in the CSF of three of seven 
in the relapse phase, in the CSF of 26 
of 29 in the plateau phase, and in the 
CSF of three of ten in the remittent 
phase. A similar distribution was 
noted in the 13 patients experiencing 
a first attack: in this group, MBP was 
detected in the CSF of one of four 
patients in the relapse phase, in the 
CSF of eight of eight in the plateau 
phase, and was not detected in the 
CSF of the only patient in the remit- 
tent phase. Myelin basic protein was 
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patients) of MS. Most strikingly, no 
detectable MBP was [resent in the 
CSF of any of the 28 patients with O 
exacerbations. 

Figure 2 illustrates -he MBP con- 
centration in the CS* samples in 
which it was detectable. Levels of CSF 
MBP in the plateau phase of N exacer- 
bations showed a gross correlation 
with the severity of the attack: in the 
two patients with a very severe attack 
(quadriplegia and consziousness dis- 
order), the level was respectively 3160 
pg/mL and 6520 pg/mL. In patients 
with paraplegia or hemiplegia (16 
MBP measurements), the CSF MBP 
level was between 1000 pg/mL and 
1700 pg/mL 11 times, whereas in cases 
with minor deficit, the CSF MBP con- 
centration was less than 750 pg/mL. 
Myelin basic protein was undetectable 
in three instances: ootic neuritis, 
facial nerve palsy, and crural mono- 
paresis. 


COMMENT 


Our results may help to explain why 
MBP is detectable in the CSF during 
some exacerbations of MS' but not 
during all of them,’ and thus they may 
shed some light on the discussion 
about the relationship between clini- 
cal attacks and acute demyelination.”* 
We found that, in patients with 
relapsing-remitting disease, MBP is 
detectable only in CSF samples taken 
during N exacerbations. The best cor- 
relation (26 of 29 cases were positive) 
was present in samples cbtained dur- 
ing the period of maximal symptoms 
(Fig 1). Therefore, nc MBP was 
detectable in the CSF of datients dur- 
ing O exacerbations. These results are 
all the more striking because no clini- 
cal differences were otherwise found 
between N and O exacerbations (Ta- 
bles 1 through 3) except for a slightly 
greater severity in N exacerbations. 

The absence of detectable MBP in 
the CSF of patients with O exacerba- 
tions might be explaimed by the 
absence of acute demyeliration in this 
group, the recurrence of o.d symptom- 
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Fig 2.—Myelin basic protein (MBP) concentration. N indicates new exacerbations, with signs or 
symptoms never previously experienced by patient. 


atology resulting from a conduction 
block in fibers already demyelinated 
by previous attacks.’ Alternatively, it 
is conceivable that O exacerbations 
are associated with new demyelin- 
ation around old or established 
plaques. In such situations, MBP pro- 
duced by further demyelination might 
more easily be degraded by macro- 
phages and/or proteinases'' or inac- 
tivated by antibodies,'?" either locally 
or in the CSF. These hypotheses 
might also conceivably explain why 
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1983;13:227-231. 
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the majority of patients with progres- 
sive disease, including those with 
active progressive disease, did not 
have detectable MBP in their CSF. 
The kinetics of MBP clearance and/or 
degradation in the CSF could explain 
the fact that the proportion of 
patients with detectable MBP in the 
CSF during the relapse (three of seven 
patients) or remittent (three of ten 
patients) phases was lower than dur- 
ing the plateau (26 of 29 patients). The 
rapidity of demyelination may also 
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influence the detection of CSF MBP as 
well as the appearance of clinical 
signs and symptoms, as recently sug- 
gested.* 

If one refers to N exacerbations 
during the plateau, it is surprising 
that such a large proportion of 
plaques in formation cause a high 
concentration of MBP in the CSF, 
since experimental animal studies" 
suggest that a certain number of these 
plaques are situated too far from the 
CSF to cause such an elevation. The 
explanation could be that the lesions 
of demyelination occur, in most cases, 
simultaneously in several places in 
the CNS. If this is the case, then 
certain plaques are responsible for 
clinical signs or symptoms, while the 
same plaques or others are responsi- 
ble for the elevation of MBP in the 
CSF. 

The clear difference in the presence 
of MBP in CSF between the patients 
presenting N and O exacerbations 
suggests that perhaps other distinc- 
tive (more precisely, immunologic and 
therapeutic) features might separate 
these two clinical groups. Further- 
more, it may be of importance to 
select or match patients according to 
these two groups in clinical trials 
which take acute exacerbations into 
account. 
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NEW YORK Cl MIDAS REX INSTITUTE 

f i Y HANDS-ON WORKSHOPS 
“Modern Dissection Techniques Of Bone, Bioplastics and Biometals" 
Neurosurgical Symposia (NEURO 700) 





















MARCH 9-10-11 - 19-20-21 
| APRIL 2-3-4 

MEY 14-15-16 

JUNE 8-9-10 + 18-19-20 
JULY 8-9-10 + 27-28-29 
AUGUST 20-21-22 
SEPTEMBER 9-10-11 - 28-29-30 


WORKSHOPS: 
The Workshops will emphasize a series of hands-on exercises, 
utilizmg appropriate animal bones, skeletal bones, bioplastics 
and biometals for dissection in the cranium and spine. Methyl- 
methacrylate and biometals as they relate to neurosurgery 
will aeso De considered. 

The Midas Rex Hands-On Workshops will be held each day 
from 7:00 am to 1:00 pm at the permanent instructional facility, 
115 E. 6!st Street (between Park and Lexington). The after- 
noonsanc evenings are free to enjoy some of the many activi- 
ties that New York has to offer such as: 
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SIGHTSEEING —Bronx Zoo, Brooklyn Botanic Garden, Coney 
Island, Empire State Building, New York Aquarium, Staten 
Island Zoo, United Nations. 




















ART—American Museum of Natural History, Bromx Museum of 
the Arts, Brooklyn Museum, Solomon R. Guggenheim Museum, 
Metropolitan Museum of Art, Museum of Modern Art. 


MUSIC, DANCE AND THEATER-Carnegie Hall, Lincoln Center, 
Lehman Center for Performing Arts, Metropolitan Opera, and a 
wide variety of Broadway and off Broadway plays in the evenings. 


SPORTS —Baseball, football, basketball, hockey. boxing, etc. 
in season. 


ENROLLMENT: 

Send letter and check payable to "New York Symposium.” 
Surgeon—US $965.00; Resident—US $585.00 (with letter from 
Department Head); OR/Tech/Ass't.—US $250.00 Mail to: 


Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 76111 
Phone (800) 433-7639, In Texas: (817) 831-2604 
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C Hl | C AG O MIDAS REX INSTITUTE 
HANDS-ON WORKSHOPS 
“Modern Dissection Techniques Of Bone, Bioplastics and Biometals” 


Neurosurgical Symposia (NEURO 700) 
MARCH 2-3-4 - 16-17-18 MAY 21-22-23 JULY 13-14-15 - 30-31-Aug. 1 
APRIL 5-7-8 JUNE 4-5-6 - 15-16-17 AUGUST 17-18-19 


WORKSHOPS: The Workshops will emphasize a series of hands-on exercises, utilizing appropriate animal bones, skeletal bones, bioplastics and Diometals for 
dissection ir the cranium and spine. Methylmethacrylate and biometals as they relate to neurosurgery will also be considered. 


The Midas Rex Hands-On Workshops will be held each day from 7:00 am to 1:00 pm at the permanent instructional facility, 728 West Algonquin Road (Arlington 
4eights). The afternoons and evenings are free to enjoy some of the many activities that Chicago has to offer such as: 


VUUSEUMS—Dhicago Academy of Sciences, Chicago Historical Society, Museum of Contemporary Art, Art Institute of Chicago, Field Museum of Natural History. 
SIGHTSEEIN3—Shedd Aquarium, Adler Planetarium, Buckingham Fountain. ugue A 
2ERFORMING ARTS—Chicago Symphony Orchestra, Lyric Opera of Chicago, ballet, recitals, concerts and opera. 


SPECTATOR SPORTS—White Sox in Comiskey Park, Cubs in Wrigley Field, Sting (soccer) in Chicago Stadium, Bears 
at Soldier Field, Blackhawks in Chicago Stadium, and horse racing year round. 
ENROLLMENT: Send letter and check payable to “Chicago Symposium.” Surgeon— 
US $965.00: Resident—US $585.00 (with letter from Department Head); OR/Tech/Asst.— 
US $250.00. Mail to: 

Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 761 11. Phone (800) 433-7639, 
Ir Texas: (B17) 831-2604 
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DALLAS 


April 30 - May 1-2, 1987 


"Modern Dissection Techniques Of Bone, Biometals and Bioplastics" 
(Immediately preceding the A.A.N.S. meeting.) 


A Neurosurgical Symposium 


(NEURO 700) 
sponsored by the 


MIDAS REX INSTITUTE 
COURSE DIRECTORS: Phillip E. Williams, Jr., M.D.; Norman McDaniel, Ph.D.; Susan Mitchell, Ed.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: 

The Midas Rex Hands-On Workshop will be held each dav from 
7:30 a.m. to 1:30 p.m. The workshop will emphasize a series of 
hands-on exercises, utilizing appropriate animal bones, skeletal 
bones, bioplastics and biometals for dissection in the cranium 
and spine. Methylmethacrylate and biometals as they relate to 
neurosurgery will also be considered. 


ACCOMMODATIONS: 

The Regent Hotel, 1241 West Mockingbird Lane, Dallas, Texas 
75247. Phone (214) 630-7000. 

ENROLLMENT: 

Send letter and check payable to “Dallas Symposium.” Surgeon— 
US $965.00; Resident—US $585.00 (with letter from Department 
Head); OR/Tech/Ass't.— US $250.00. Write to: 

Midas Rex Institute, 3001 Race Street, Fort Worth, Texas 76111, 
Phone: (800) 433-7639, In Texas: (817) 831-2604. 


"Modern Dissection Techniques Of Bone, Biometals and Bioplastics" 
(NEURO 700)* 


A Neurosurgical Symposium 
co-sponsored by 


HENRY FORD HOSPITAL 
Department of Neurological Surgery 
and 


MIDAS REX INSTITUTE 


Course Directors: J.I. Ausman, M.D., Ph.D.; M. Dujovny, M.D.; G. Malik, M.D.; Stewart Willason, Ph.D.; Susan Mitchell, Ed.D. 
SYMPOSIUM FORMAT 





WORKSHOPS: 

The Midas Rex Hands-On Workshop will be held each day from 
7:30 a.m. to 1:30 p.m. The workshop will emphasize a series of 
hands-on exercises, utilizing appropriate animal bones. skeletal 
bones, bioplastics and biometals for dissection in the cranium 
and spine. Methylmethacrylate and biometal as they are related to 
neurosurgery will also be considered. Video tapes of clinical pro- 
cedures will be available. 


CREDITS: 
C.M.E. credit available. 





ACCOMMODATIONS: 


Hotel St. Regis, 3071 West Grand Boulevard, Detroit, Michigan 
48202. Phone: (313) 837-3000 


ENROLLMENT: 

Send letter and check payable to "Detroit Neurosurgical Sym- 
posium.” Surgeon—US $965.00; Resident—US $585.00 (with letter 
from Department Head); OR/Tech/Ass't.—US $250.00. Write to: 








Midas Rex Institute, 3001 Race Street, Fort Worth, TX 76111. 
Phone: (800) 433-7639, In Texas: (817) 831-2604 


"There will be a simultaneous Orthopaedic Symposium (Ortho 700) at the same time in a separate room. Hospitality and some 


lectures will be combined. 





Trim odal Evoked Potentials Compared With 
Magzetic Resonance Imaging in 
the Diagnosis of Multiple Sclerosis 


Barbara S Giesser, MD; Diane Kurtzberg, PhD; Herbert G. Vaughan, Jr, MD; Joseph C. Arezzo, PhD; 
Mindy L. Aisen, MD; Charles R. Smith, MD; Nicholas G. LaRocca, PhD; Labe C. Scheinberg, MD 


e Twenty-three patients with the clini- 
cal diagncsss-of possible multiple sclero- 
sis (MS) were tested with magnetic reso- 
nance imaging (MRI) and trimodal evoked 
potentials. Fourteen patients showed 
abnormali&es on both MRI scans and at 
least one evoked potential modality 
46596). Four patients had normal MRI 
scans but st least one abnormality on 
evoked potential testing (17%). One 
patient had rormal triple evoked poten- 
fials with an abnormal MRI result. Four 
patients had normal results on both MRI 
and triple evoked potential testing; two of 
these patients were later found to have 
immunolocie abnormalities in the cere- 
brospinal fuid consistent with the diagno- 
sis of MS Combined evoked potential 
testing was found to have a higher sensi- 
Svity than MREin confirming a diagnosis of 
MS. Three patients with the clinical diag- 
nosis of definite MS were also tested. All 
these patients showed abnormalities on 
evoked pctential testing, although one 
patient hae a normal MRI result. Of all 26 
patients who were studied, 17 showed 
abnormal WI results and 21 showed at 
lzast one abnormality on evoked potential 
testing. 

(Arch Neurol 1987;44:28 1-284) 
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Ae essential criterion for establish- 

ing the diagnosis of multiple scle- 
rosis (MS) is the demonstration of two 
or more distinct lesions (plaques) 
within the central nervous system 
(CNS). Many patients present with 
sufficient abnormalities on neurologic 
examination to enable the diagnosis 
to be made solely on a clinical basis. 
However, in the patient who presents 
with a history of symptoms that are 
consistent with the diagnosis of MS, 
but who does not have objective neu- 
rologic signs indicating the presence 
of at least two plaques, additional 
laboratory data must be used to docu- 
ment the presence of clinically silent 
lesions.’ 

Evoked potential (EP) recordings 
have been widely used for some time 
in demonstrating the presence of 
asymptomatic plaques affecting the 
visual, auditory, and somatosensory 
pathways, whereas more recently, 
magnetic resonance imaging (MRI) of 
the brain has been proposed as a 
highly sensitive and definitive tech- 
nique for demonstrating areas of 
demyelination in patients with MS.** 
We report here a comparison of com- 
bined visual, auditory, and somato- 
sensory EP testing with MRI in 
patients with the clinical diagnosis of 
suspected MS. 


MATERIALS AND METHODS 


All patients were examined by a neurol- 
ogist (B.S.G., L.C.S., M.L.A., or C.R.S.) at 
the Multiple Sclerosis Comprehensive Care 
Center (MSCCC) of the Albert Einstein 
College of Medicine, Bronx, NY. Patients 
for the study were selected from those 
referred to the MSCCC between December 


1984 and July 1985, who carried the diagno- 
sis of possible MS. In these patients the 
diagnosis could not be established on clini- 
cal grounds alone, and thus required fur- 
ther diagnostic evaluation. Patients were 
classified as “possible” MS according to 
the criteria of McAlpine.’ Although some 
patients had clinical findings in more than 
one area (eg, pyramidal, eerebellar, and 
sensory), they were not classified as defi- 
nitely having MS because it might have 
been possible to localize the etiology to one 
area (eg, a brain-stem mass lesion). 
Patients listed as having visual signs had 
diminished visual acuity but no clear evi- 
dence of optic nerve demyelination, such as 
Marcus Gunn pupil or frank optic atro- 
phy. 


EVOKED POTENTIAL METHODS 


Evoked potentials were recorded in the 
Clinical Neurophysiology Laboratory at 
the Rose F. Kennedy Center of the Albert 
Einstein College of Medicine. Results were 
interpreted by three of the authors (D.K., 
J.C.A., and H.G.V.). An averager (Nicolet 
CA-1000) with stimulating equipment was 
used to test the three modalities. 

Visual evoked potentials (VEPs) were 
recorded monocularly to reversal of full- 
field checkerboards subtending 7, 14, and 
28 minutes of visual angle, and to reversal 
of hemifield checks subtending 28 minutes. 
Reversal rate was two per second. One 
hundred to 200 repetitions of each check 
size were delivered. The VEPs were record- 
ed from electrodes placed over the occipital 
region at 01, and 02 referred to the linked 
ears. Responses were considered abnormal 
if the latency of the major positive compo- 
nent (P100) was greater than 3 SDs above 
the normal control mean; i? a significant 
(greater than 3 SDs above the mean) 
interocular latency difference was present; 
if response waveshape was deviant with 
unidentifiable components; or if response 
was absent. 
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5 61/F 2 


7 42/F 6 S, BS 
8 32/M 10 BS, S 
9 24/M 0.5 S,P 


10 33/F 0.5 S, V, BB 


17 37/M 
18 27/F 
19 25/F 






1 
3 
0.17 







Table 1.—Patients With Possible Multiple Sclerosis * 


Patient Age, Symptoms, 
No. y/Sex y Symptoms 
36/F 15 BS, S, V, CBL 





3 32/F 6 BS, S, P, BB P, CBL, S $ NT ij + 
4 40/M 3 S, CBL, BB S, P + NT = + 


S, BS, P, BB 


6 51/F 13 S, BB, CBL, P P, S, CBL + + + + 


11 3 

12 27/F 0.5 CBL, BS 

13 31/F 4 S, P 

14 48/F 1 SP 

15 40/M 2 S, P, CBL, BB 
16 38/F 0.5 BS 







Signs VEP BAEP SEP MRI 
V, S, P - + + 




















V, P, CBL = x 





P — = 

S, CBL, + = NT + 
possible P 

S, P - + = - 

B, possible P + 








CBL, possible P _ 







None - ae = - 
S,P + = - T 
P, CBL, S + + + + 
None + + - t 









* VEP indicates visual evoked potential; BAEP, brain-stem auditory evoked potential; SEP, somatosensory 
evoked potential; MRI, magnetic resonance imaging; BS, brain stem; S, sensory; V, visual; CBL, cerebellar; P, 
pyramidal; BB, bowel and bladder; plus sign, abnormal result; minus sign, normal result; and NT, not 
tested. 


Table 2.—Comparison of Trimodal Evoked Potential Testing and Magnetic Resonance 
Imaging in Patients With Clinically Suspected Multiple Sclerosis 


Magnetic Resonance Imaging Result 


————————————————————— 


Normal, 
No. (%) 


Trimodal evoked potential 
Normal 


Abnormal 


Brain-stem auditory evoked potentials 
(BAEPs) were recorded monaurally to 100- 
us clicks presented at rates of 11 per second 
and 77 per second at intensities of 85-dB 
sound pressure level and at 65-dB sensa- 
tion level (above the patient's threshold to 
click). Two thousand clicks were presented 
in each condition. Electrodes were placed 
at the vertex and referred to the ipsilateral 
mastoid. The BAEPs were considered 
abnormal if central transmission time (la- 
tency difference between waves I and V) 
was greater than 3 SDs above the normal 
control mean; if wave form was poorly de- 
fined or components were absent; if there 
was an abnormal amplitude ratio between 
waves I and V; or if abnormal response to 
higher repetition rate was recorded. 

Somatosensory evoked potentials (SEPs) 
were recorded from electrodes placed at 
the elbow and Erb's point and overlying 
C7, midinion and contralateral sensory 
cortex (P3 or P4) referred to midfrontal 
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Abnormal, Total, 
Nc. (%) No. (%) 


15 (65) 23 (100) 


site to electrical stimulation of each medi- 
an nerve. Stimulus intensity was set 20% 
above the level tnat elicited a reliable 
thumb twitch. Stimulus rate was 6 to 7 Hz 
and 2000 shocks were presented to each 
side. The SEPs were considered abnormal 
if the central transmission time (Erb's 
point to contralateral cortex) was greater 
than 3 SDs above the normal control mean 
or if responses were poorly formed with 
unidentifiable or absent components. 

Magnetic resonance imaging was done at 
several different facilities. All studies 
included T2-weighted spin-echo images. 
Films were interpreted by the radiologists 
on staff at the imaging facilities, and also 
by the clinicians of the MSCCC. 


RESULTS 


The clinical characteristics and EP 
and MRI findings are summarized in 
Table 1 for the 23 cases of suspected 


Table 3.—Cerebrospinal Fluid Findings 
in Patients With Normal Magnetic 
Resonance Imaging Results and Trimodal 
Evoked Potentials 


Oligoclonal bands present 

No lumber puncture 

Increased IgG 

Normal IgG and IgG 
synthesis; oligoclonal 
bands not present 





MS. In the group of patients with 
suspected MS, there were 18 women 
and five men, ranging from 24 to 61 
years of age. Duration of disease was 
from six months te 30 years. 

The results of EP and MRI testing 
were in large measure concordant, in 
that 14 patients with suspected MS 
showed abnormalities on both MRI 
scans and at least one of the EP tests, 
whereas four patients had normal 
results on all procedures. The remain- 
ing five patients were discordant in 
EP and MRI findings. Four had nor- 
mal MRI results, but at least one 
abnormal EP, whereas there was only 
one instance in which an abnormal 
MRI result was associated with nor- 
mal EP findings (Table 2). It is of 
interest that in the three of those 
patients with normal MRI and EP 
results whose cerebrospinal fluid 
(CSF) was examined, one had oligo- 
clonal bands and one an increased 
immunoglobulin as determined by 
ancillary laboratory tests that sup- 
ported the diagnosis of MS. The third 
patient had an entirely normal CSF 
examination result (Table 3). Table 4 
illustrates the concordance of MRI and 
EP testing results in patients with 
possible MS. Table 5 indicates the 
relative sensitivities of these methods. 

Another three patients with clini- 
cally definite MS also received both 
MRI and EP examinations. In this 
small sample, one pa-ient failed to 
demonstrate lesiens on MRI, but 
exhibited abnormal eleetrophysiologic 
findings in the two modalities that 
were tested. The other two patients 
showed abnormalities on both MRI 
and evoked potential test results (Ta- 
ble 6). 

Of all 26 patients tested, 17 showed 
an abnormal MRI result and 21 
showed at least cne abnormality on 
EP testing. 


COMMENT 


Our results confirm earlier reports 
that EPs and MRI scanning are sensi- 
tive tests for demonstrating sites of 
CNS involvement that are not clini- 
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ible or ardi MS. 
| recent reports have 
comparec the findings of these two 
methods in patients with MS, most 
of the pztierts studied had received 
the diagnosis of definite or probable 
MS. In 25 of our cases, establishment 
of the definitive diagnosis required 
ancillary evidence derived from labo- 
ratory procedures. Thus, it was possi- 
ble to compare the relative diagnostic 
utility o* EPs and MRI in cases in 
which the diagnosis had not already 
been established on clinical grounds 
alone. i 

In our series, 65% of the patients 
with posible MS showed demyelin- 
ation on MRI. By contrast, Gebarski 
et al” reported an £7% (26/30) inci- 
dence of MRI scan abnormality in 30 
patients n whom the diagnosis of MS 
had not been definitely established. 
With respect to EP findings, we 
detected ab ality in one or more 
EPs in 78% of patients, whereas 
Gebarsk et al found at least one 
definite ZP abnormality in only 11 
patients, and possible abnormalities 
in two more, for a tetal of 43%. Nev- 
ertheless two of the four patients 
with nomma! MRI results in Gebar- 
ski’s series ossible or definite EP 
abnormalities, whereas the other two 
had normal -esults on both MRI and 


trimodal EP' testing. 
Other comparisons of EPs and MRI 
have obtained similarly disparate 


results. Kirshner et al studied 35 
patients,of w om the diagnosis of MS 
was defiaite i 27, probable in two, 
and possible in six. They found MRI 
scan abnormalities to a greater or 
lesser extent in all patients, whereas 
EPs wer normal in all three modali- 
ties in -wo patients and were not 
performed in eight patients. Cutler et 
al* in 29 patients with definite or 
probable M reported multiple 
lesions on- results in 16, of whom 
eight had al EPs in all three 
modalities. tient had multiple 
EP abncrmslities but a normal MRI 
result. Contrasting findings were 
reported by Tramo et al’? in 29 
patients. 26 with definite and three 
with probable MS. They found normal 
MRI resalts in 14 patients, but only 
three wich ro EP abnormality. 

he wice diversity of the 
poral distribution of 









lectrophysiologic, and 
e to be expected. Nev- 
ertheless, it is pparent that there is 
considerable variation in the effec- 
tiveness of MRI and EPs in the detec- 
tion of multiple lesions, even in 


Arch Nev-ol — Vol 44, March 1987 


Table 4.— Concordance of Evoked Potentials and Magnetic Resonance Imaging 
in Patients With Clinically Possible Multiple Sclerosis 


Magnetic Resonance Imaging Result 


Normal, No. (%) 


Visual evoked potential 
Normal 


Abnormal 
Total 


Brain-stem auditory 
evoked potential 
Normal 


Abnormal 
Total 


Somatosensory 
evoked potential 
Normal 7 (33.3) 


Abnormal O (0) 
Total 7 (33.3) 


5 (21.8) 
3 (13.0) 
8 (34.8) 


6 (28.6) 
2 (9.5) 
8 (38.1) 





Abnormal, No. (%) Total, No. (%) 


3 (13.0) 
12 (52.2) 15 
15 (65.2) 23 


8 (34.8) 
(65.2) 
(100) 


5 (23.8) 
8 (38.1) 
13 (61.9) 


(52.4) 
(47.6) 
21* (100) 


7 (33.3) 
7 (33.3) 
14 (66.7) 


14 (66.7) 
7 (33.3) 
21* (100) 


*Two patients did not have brain-stem auditory evoked potential or somatosensory evoked potential 


testing. 


Table 5.—Sensitivity of Evoked Potentials and Magnetic Resonance Imaging 
in Patients With Clinically Suspected Multiple Sclerosis * 


Multiple Sclerosis 


Present, 96 


Visual evoked potential 
Normal 27.3 


Abnormal 68.2 


Brain-stem auditory 
evoked potential 
Normal 


Abnormal 


Somatosensory evoked 
potential 
Normal 


Abnormal 


Trimodal evoked potential 
Normal 


Abnormal 


Magnetic resonance 
imaging result 
Normal 
Abnormal 





Absent, % Sensitivity, 96 


71.4 


* Multiple sclerosis was determined as absent or present based on the presence of abnormalities in evoked 
potentials, magnetic resonance imaging results, or cerebrospinal fluid. 


Table 6.— Patients With Clinically Definite Multipie Sclerosis * 


Patient No. / Duration of 

Age, y/Sex Symptoms, y Symptoms 
1/26/M 0.75 BS, CBL, C 
2/22/M P, BS 


3/20/M 3 


BS, P, S, BB 


Signs VEP BAEP SEP MRI 


C, BS 
-— V, CBL, P 





* VEP indicates visual evoked potential; BAEP, brain-stem auditory evoked potential; SEP, somatosensory 
evoked potential; MRI, magnetic resonance imaging; BS, brain stem; CBL, cerebellar; C, cerebral; P, 
pyramidal; V, visual; BB, bowel and bladder; plus sign, abnormal result; minus sign, normal result; and NT, not 
tested. 


patients with definite MS. A recent 
report indicates that MRI disclosed 
multiple sites of demyelination more 
often than multiple abnormalities 
were detected by EP testing in 
patients with definite, probable, or 
possible MS." Neither type of proce- 
dure alone appears infallible in de- 
tecting pathology disclosed by the 
other technique. Nor do the two meth- 


ods invariably identify demyelination 
in all patients with immunologic find- 
ings in the CSF indicative of a demye- 
linating process. Thus, in two of our 
patients with normal MRI and EP 
findings, laboratory support for the 
diagnosis of MS was found by CSF 
examination. 

Other studies have demonstrated 
abnormal CSF in patients with nor- 
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mal MRI results and EPs," and 
increasing frequency of abnormal 
CSF in patients with MS if two or 
more evoked responses were abnor- 
mal? A recent article compares the 
frequency of abnormality in all three 
methods of testing (MRI, EPs, and 
CSF analysis) in patients with clini- 
cally definite MS.’ In this study, 
severity of abnormality on MRI scan- 
ning did not correlate with duration of 
disease or presence of oligoclonal 
bands in the CSF. 

Magnetic resonance imaging has 
been shown to be considerably more 
sensitive than computed tomography 
in demonstrating cerebral areas of 
demyelination,? and is clearly the 
imaging procedure of choice in the 
diagnosis of MS. On the basis of the 
current experience, however, normal 
MRI findings in the presence of EP 
abnormalities may occur in up to one 
third or more of cases,? although the 
incidence of false normal MRI results 
is generally found to be much lower, 
at least in established cases of MS. 

In evaluating the utility of EP 
examinations, the importance of tech- 
nical factors must be stressed.” Of the 
19 patients with possible MS studied 
here in whom triple EP test results 
were obtained, 12 (63% ) had abnormal 
VEPs, ten (53%) had abnormal 
BAEPs, and six (32%) had abnormal 
SEPs. By contrast, Chiappa' reported 
abnormality rates for EPs in patients 
with possible MS of 37% for VEPs, 
30% for BAEPs, and 49% for SEPs. 
Another study? found rates of abnor- 
mal VEPs, BAEPs, and SEPs in 
patients with possible MS to be of 
45%, 39%, and 51%, respectively. 
Thus, our yield of VEP and BAEP 
abnormalities is somewhat greater 


1. Poser CM, Paty DW, Scheinberg LC, et al: 
New diagnostic criteria for MS: Guidelines for 
research protocols. Ann Neurol 1983;13:227. 

2. Chiappa KH: Pattern shift visual, brain- 
stem auditory and short-latency somatosensory 
evoked potentials in multiple sclerosis. Newrolo- 
gy 1980;30:110-123. 

3. Bartel DR, Markand ON, Kolar OJ: The 
diagnosis and classification of MS: Evoked 
responses and spinal fluid electrophoresis. Neu- 
rology 1983;33:611-617. 

4. Young IR, Hall AS, Pallis CA, et al: NMR 
imaging of the brain in MS. Lancet 1981;2:63- 
66. ` 

5. Lukes SA, Crooks LE, Aminoff MJ, et al: 
NMR imaging in MS. Ann Neurol 1983;13:592- 
601. 

6. Matthews WB: Differential diagnosis, in 
Matthews WB, Acheson ED, Batchelor JR, et al 
(eds): McAlpine’s Multiple Sclerosis. New York, 
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than in the other two studies. 

In our study a comparison of the 
MRI results and each evoked potential 
modality revealed that VEPs were 
most frequently abnormal in patients 
with suspected MS, although abnor- 
mal SEP was most often associated 
with abnormal MRI results (Table 4). 

These differences may, in part, be 
due to a more detailed VEP and BAEP 
examination than is routinely done. 
Our VEP recording procedure elicits 
responses to several check sizes and to 
hemifield stimulation, which in a 
recent study from our laboratory," 
yielded a 20% inerease in positive 
findings in patients with suspected 
MS over the routine full-field 28- 
minute stimulation technique. Simi- 
larly, BAEP recordings were elicited 
at both low and high repetition rates, 
the latter eliciting a higher incidence 
of brain-stem abnormalities. By con- 
trast, we did not routinely test SEPs 
to lower extremity stimulation. Our 
rate of abnormality in this modality is 
lower than that obtained in the other 
two studies. It is likely that the addi- 
tion of lower extremity stimulation 
would yield some additional abnor- 
malities due to the presence of spinal 
pathology below the cervical level. 

It should be noted that the demon- 
stration of a single EP abnormality is 
frequently sufficient to establish the 
presence of an additional CNS lesion 
separate from pathology disclosed by 
neurologic examination. Thus, in ten 
of our cases a VEP abnormality was 
sufficient to establish the presence of 
a CNS lesion distinct from that 
defined by neurologic signs. It is note- 
worthy that in the series studied by 
Gebarski et al,” only 17% (5/30) of 
patients were reported to have VEP 
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abnormalities. This unusually low 
incidence of VEP abnormalities sub- 
stantially reduced the diagnostic effi- 
cacy of EPs in that study. 

Using the criterion of the presence 
of at least one abnormal EP, our 
series indicates that overall, trimodal 
EP testing is more sensitive than MRI 
in patients with possible MS (Table 5). 
Trimodal EPs had a sensitivity of 
90.5% compared with 71.4% for MRI. 
Both methods had a similarly low rate 
of false normal and false abnormal 
results. 

It is evident that MRI and EPs are 
complementary diagnostic methods, 
in that they disclose rather different 
aspects of the CNS pathology in MS. 
Evoked potentials are, of course, lim- 
ited to detection of lesions that affect 
the sensory pathways. They may fail 
to disclose lesions that are well de- 
picted by MRI, for example, in the 
periventricular region or cerebellum. 
By contrast, EPs are able to assess 
sensory transmission from receptor to 
cortex. This capability precludes the 
need to visualize the entire neuraxis, 
which is impractical for routine MRI. 
Further, EPs may detect optic nerve, 
brain-stem, and spinal cord lesions 
too small or ill-placed to be detected 
by MRI. Finally, EPs provide func- 
tional measures that can be of value, 
in addition to their diagnostic utility, 
in objectively evaluating the course of 
illness and ultimately in the efficacy 
of therapeutic measures. 
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Excellent control of 
generalized tonic-clonic 
seizures demonstrated 

in double-blind studies? 


TEGRETOL is indicated for children 6 years 

and older and adults whose seizures are difficult 

to control or who are experiencing marked 

side effects from other antiepileptic drugs. 
|. ] From a double-blind study of outpatients 
with simple or complex partial seizures 
that become secondarily generalized: 

"Each drug [TEGRETOL and phenytoin] 
provided superior seizure control in about 
half the patients...“ 

[.] From a double-blind, crossover trial in 
outpatients with primary and secondary 
generalized seizures and partial seizures 
with motor symptoms: 

<.. -NO difference could be disclosed with 
regard to the efficacy of phenytoin and 
Carbamazepine in the treatment of general- 
ized seizures, whether primary or secondary 
generalized."2 


» TEGRETOL is available as 100-mc 
cherry/mint-flavored, scored chewable 
tablets and 200-mg scored tablets 
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...Decause after seizure control, 
theres a lot of living to do! 
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NOTE: Because of the potential for adverse 
reactions, it is important that you become 
thoroughly familiar with the full Prescribing 
Information for TEGRETOL on the following 
pages, especially the boxed warning 
concerning blood abnormalities and the 
necessity for repeated blood counts. 


See following pages for Prescribing Information. 
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... because after seizure control, 
there's a lot of living to do! 


References: 

1. Troupin A, Ojemann LM, Halpern L. et al Carbamazepine—A double 
blind comparison with phenytoin. Neurology 1977(June), 27 511.519 

2 Kosteljanetz M, Chnstiansen J, Dam AM. et al Carbamazepine 

vs phenytoin. A controlled clinical trial in focal motor and generalized 
epilepsy Arch Neuro! 1979(Jan).36:22-24 





Tegretol* 
carbamazepine USP 
Chewable Tablets of 100 mg—red-speckled, pink Tablets of 200 mg — pink 





WARNING 
SERIOUS AND SOMETIMES FATAL ABNORMALITIES OF BLOOD C=LLS 
(APLASTIC ANEMIA, AGRANULOCYTOSIS, THROMBOCYTOPENIA. AND 
LEUKOPENIA) HAVE BEEN REPORTED FOLLOWING TREATMENT WITH 
TEGRETOL, CARBAMAZEPINE. 

EARLY DETECTION OF HEMATOLOGIC CHANGE IS IMPORTANT SINCE, IN 
SOME PATIENTS, APLASTIC ANEMIA IS REVERSIBLE 

COMPLETE PRETREATMENT BLOOD COUNTS, INCLUDING PLATELET 
AND POSSIBLY RETICULOCYTE AND SERUM IRON. SHOULD BE OB- 
TAINED. ANY SIGNIFICANT ABNORMALITIES SHOULD RULE OUT JSE OF 
THE DRUG. THESE SAME TESTS SHOULD BE REPEATED AT FREQUENT 
INTERVALS, POSSIBLY WEEKLY, DURING THE FIRST THREE MONTHS OF 
THERAPY AND MONTHLY THEREAFTER FOR AT LEAST TWO TO TAREE 
YEARS. THE DRUG SHOULD BE STOPPED IF ANY EVIDENCE OF EONE 
MARROW DEPRESSION DEVELOPS 

PATIENTS SHOULD BE MADE AWARE OF THE EARLY TOXIC SIGNS AND 
SYMPTOMS OF A POTENTIAL HEMATOLOGIC PROBLEM. SUCH AS FEVER, 
SORE THROAT, ULCERS IN THE MOUTH, EASY BRUISING PETECHIAL OR 
PURPURIC HEMORRHAGE. AND SHOULD BE ADVISED TO DISCONTINUE 
THE DRUG AND TO REPORT TO THE PHYSICIAN IMMEDIATELY IF ANY 
SUCH SIGNS OR SYMPTOMS APPEAR. 






















This drug is not a simple analgesic and should not be usec for the relief of 
trivial aches or pains. Treatment of epilepsy should be restricted tc those 
classifications listed under "INDICATIONS AND USAGE.” 

Before prescribing Tegretol, the physician should be thoroughly familiar 
with the details of this prescribing information, particularly regarding use 
with other drugs, especially those which accentuate toxicity potential. 
DESCRIPTION 
Tegretol, carbamazepine USP, is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral 
administration. Its chemical name is 5H-dibenz[b.fJazepine-5-carboxamide. and its 


structural formula is: 


| 
CONH; 


Carbamazepine USP is a white to off-white powder, practically insoluble i^ water and 
soluble in alcohol and in acetone. Its molecular weight is 236.27 
Inactive Ingredients. Colloidal silicon dioxide, FD&C Red No. 3 (chewable tabiets only), 
FD&C Red No. 40 (200 mg tablet only), flavoring (chewable tablets only), gelatin, glycer- 
In, magnesium stearate, sodium starch glycolate (chewable tablets only). starch, stearic 
acid, and sucrose (chewable tablets only). 
CLINICAL PHARMACOLOGY 
In controlled clinical trials, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaotic responses and 
blocking the posttetanic potentiation. Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential 
and bulbar and polysynaptic reflexes, including the linguomandibu ar reflex in cats 
Tegretol is chemically unrelated to other anticonvulsants or other drugs used to control 
the pain of trigeminal neuralgia. The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate 
than a solution, thus avoiding undesirably high peak concentrations Tegretol in blood is 
76% bound to plasma proteins. Plasma levels of Tegretol are variable and may range 
from 0.5-25 ug/ml, with no apparent relationship to the daily intake of the drug. Usual 
adult therapeutic levels are between 4 and 12 jg ml. Following ora! administration, 
serum levels peak at 4 to 5 hours. The CSF serum ratio is 0 22. similar to the 22% 
unbound Tegretol in serum. Because Tegretol may induce its own metabolism. the 
half-life is also variable. Initial half-life values range from 25-65 hours, with 12-17 hours 
on repeated doses. Tegretol is metabolized in the liver. After oral administraton of 
'4C-carbamazepine, 72% of the administered radioactivity was found in the urine and 
28% in the feces. This urinary radioactivity was composed largely of hydroxylated and 
conjugated metabolites, with only 3% of unchanged Tegretol. Transplacenta passage of 
Tegretol is rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues, with 
higher levels found in liver and kidney than in brain and lungs 
INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for the following conditions in patients who have not 
responded satisfactorily to treatment with other agents such as phenytoin. phenobar- 
bital, or primidone: 
1. Partial seizures with complex symptomatology (psychomotor, temporal lobe). Pa- 
tients with these seizures appear to show greater improvement than those with other 
types. 
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2. Generalized tonic-clonic seizures (grand mal: 
3. Mixed seizure patterns which include the above. or o'her partial or generalized 
seizures 

Absence seizures (petit mal) do not appear tobe controlled by Tegretol (see 
PRECAUTIONS General) 

Because of the necessity for frequent laboratory evaluation for potentially serious s 
effects, Tegretol is not recommended as the drug of first choice in seizure disorders. It 
should be reserved for patients whose seizures are dificult to control or patients expe 
encing marked side effects (e.g.. excessive sedation) 

Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated 
with true trigeminal neuralgia. 

Beneficial results have also been reported in glossopharyngeal neuralgia 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depres- 
sion, hypersensitivity to the drug. or known sensitivity to any of the tricyclic compounds 
such as amitriptyline, desipramine, imipramine, protriptyline, nortriptyline, etc. Likewise» 
on theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol. MAO inhibitors-should be discontinued for a minimur 
of fourteen days. or longer if the clinical situation permits 
WARNINGS 
The drug should be discontinued if evidence of significant bone marrow depression 
occurs, as follows: 


1) Erythrocytes less than 4,000 000/cu mm 
Hematocrit less than 32% 
Hemoglobin less than 11 gm” 100 mi 
2) Leukocytes less than 4000/cu mm 
3) Platelets less than 100,000/cu mm m 


4) Reticulocytes less than 0.3% t20.000 ‘cu mm) 
5) Serum iron greater than 150 ug/102 ml 

Patients with a history of adverse hematologic reactior to any drug may be particu- 
larly at risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyells syndromes 
and Stevens-Johnson syndrome, have been repcrted with Tegretol. These reactions 
have been extremely rare. However, a few fatalities have deen reported 

Tegretol has shown mild anticholinergic activity. therefore, patients with increased 
intraocular pressure should be closely observed curing therapy. 

Because of the relationship of the drug to other tricyclic compounds, the possibility o 
activation of a latent psychosis and, in elderly patients. of confusion or agitation should 
be borne in mind. 

PRECAUTIONS 
General: Before initiating therapy, a detailed histery and physical examination should 
be made. 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associ- 
ated with increased frequency of generalized convulsions (see INDICATIONS AND 
USAGE). 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients 
with a history of cardiac, hepatic or renal damage. adverse hematologic reaction to " 
other drugs, or interrupted courses of therapy with Tegretol 
Information for Patients: Since dizziness and drowsiness may occur, patients shoul 
be cautioned about the hazards of operating machinery or automobiles or engaging in 
other potentially dangerous tasks. 

Laboratory Tests: Complete pretreatment blood courts. including platelets and pos- 
sibly reticulocytes and serum iron, should be obtained. Any significant abnormalities 
should rule out use of the drug. These same tests should de repeated at frequent 
intervals, possibly weekly, during the first three months of therapy and monthly there- 
after for at least two to three years 

Baseline and periodic evaluations of liver function, Particularly in patients with a 
history of liver disease, must be performed during treatment with this drug since liver 
damage may occur. The drug should be discontinued immediately in cases of aggra- 
vated liver dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp, funduscopy and tonom- 
etry, are recommended since many phenothiazines anc related drugs have been show 
to cause eye changes. 

Baseline and periodic complete urinalysis and BUN determinations are recom- 
mended for patients treated with this agent because of observed renal dysfunction. 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the 
efficacy and safety of anticonvulsants. This monitoring mey be particularly useful in 
cases of dramatic increase in seizure frequency and for verification of compliance. In 
addition, measurement of drug serum levels may aid in determining the cause of toxidit 
when more than one medication is being used 

Thyroid function tests have been reported to shaw decreased values with Tegretol adi 
ministered alone. 

Drug Interactions: The simultaneous administration of phenobarbital, phenytoin, or 
primidone, or a combination of two, produces a marked lowering of serum levels of 
Tegretol. 

The half-lives of phenytoin, warfarin, doxycycline, and theophylline were significantly 
shortened when administered concurrently with Tegreto!. Haloperidol serum levels may 
be reduced when the drug is administered with Tegretol. Tre doses of these drugs may 
therefore have to be increased when Tegretol is added to the therapeutic regime. 

Concomitant administration of Tegretol with erythromycin, cimetidine, propoxyphene, 
isoniazid or calcium channel blockers has been reported to result in elevated plasma 
levels of carbamazepine resulting in toxicity in some cases. Also, concomitant adminis- 
tration of carbamazepine and lithium may increase:the risk of neurotoxic side effects. 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications. 

Breakthrough bleeding has been reported among patients receiving concomitant oral 

contraceptives and their reliability may be adversely affected. 
Carcinogenicity, Mutagenesis, Impairment of'Fertility: Carbamazepine, when 
administered to Sprague-Dawley rats for two yearsan the ciet at doses of 25, 75, and 
250 mg/kg/day. resulted in a dose-related increasesin the incidence of hepatocellular 
tumors in females and of benign interstitial cell adenomas m the testes of males. 

Carbamazepine must, therefore, be considered to be carcinogenic in Sprague- v 
Dawley rats. Bacterial and mammalian mutagenicity studies using carbamazepine 
produced negative results. The significance of these findings relative to the use of 
carbamazepine in humans is, at present, unknown. 

Pregnancy Category C: Tegretol has been shown to hav2 adverse effects in repro- 
duction studies in rats when given orally in dosages 10-25 times the maximum human 
daily dosage of 1200 mg. In rat teratology studies, 2 of 135 offspring showed kinked ribs 
at 250 mg/kg and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate, 
1, talipes. 1; anophthalmos, 2). In reproduction studies in rats. nursing offspring demon- 
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stated a lack of weight gain and an unkempt appearance at a maternal dosage level of 
200 mg/kg. 

There are no edequáte and well-controlled studies in pregnant women. Tegretol 
should be used eusingpregnancy only if the potential benefit justifies the potential risk to 
the fetus 

It is important cte that anticonvulsant drugs should not be discontinued in patients 
in'whom the drue 5 administered to prevent major seizures because of the strong pos- 
sibility of precipitating status epilepticus with attendant hypoxia and threat to life. In 
individual cases wrer=ithe severity and frequency of the seizure disorder are such that 
removal of medicao^ does not pose a serious threat to the patient, discontinuation of 
the drug may becensi@ered pror to and during pregnancy, although it cannot be said 
weh any confidesce that even minor seizures do not pose some hazard to the develop- 
ing embryo or fetus. 

Labor and Delivery: The effect of Tegretol on humar labor and delivery is unknown. 
Nursing Mothers: During lactation, concentration of Tegretol in milk is approximately 
60% of the maternal plasma concentration. 

Because of the potential for serious adverse reactions in nursing infants from carba- 
mazepine, a decs on-snould be made whether to discontinue nursing or to discontinue 
the drug. taking te account the importance of the drug to the mother. 

Pediatric Use: sa'*etycand effectiveness in children below the age of 6 years have not 
been establishec 

ADVERSE REACTIONS 

If adverse reactions are of such severity that the drug must be discontinued, the phy- 
sician must be awere-that abrupt discontinuation of any anticonvulsant drug in a 
responsive epilest - patient may lead to seizures or even status epilepticus with its 
life-threatening Hazards. 

The most sever@acverse reactions have been observed in the hemopoietic system 
(see boxed WAPNING) the skin, and the cardiovascular system. 

The most freqwentiy observed adverse reactions, perticularly during the initial phases 
of therapy. are dizzmess, drowsiness, unsteadiness, nausea, and vomiting. To mini- 
mize the passibilitwotsuch reactions, therapy should be initiated at the low dosage 
recommended. 

The following actélitiomal adverse reactions have been reported: 

Hemopoietic System Aplastic anemia, agranulocytosis, thrombocytopenia, leukope- 
nia, leukocytosis eossmophilia. 

Shin: Pruritic ancyrmematous rashes, urticaria, toxic epidermal necrolysis (Lyells 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS). photo- 
sensitivity reactions, alterations in skin pigmentation, exfoliative dermatitis, erythema 
multiforme and raaosum, purpura. aggravation of disseminated lupus erythematosus, 
alepecia. and diapmoresis. In certain cases, discontinvation of therapy may be 
necessary. 

Cerdiovaseular oyster: Congestive heart failure, edema, aggravation of hypertension, 
hyootension, syrzape and collapse, aggravation of coronary artery disease, arrhyth- 
mías and AV bloex primary thrombophlebitis, recurrence of thrombophlebitis. and 
adenopathy or lyemmhaeenopathy. 

Some of thesexcardcievascular complications have resulted in fatalities. Myocardial 
infarction has beersasspciated with other tricyclic compounds. 

Liver: Abnormalimes in iver function tests, cholestatic and hepatocellular jaundice, 
hepatitis. 

Respiratory Systm: Pulmonary hypersensitivity characterized by fever, dyspnea, 
pneumonitis or pneumonia. 

Genitourinary Sysiem- Urinary trequency, acute urimary retention, oliguria with elevated 
blood pressure, terma, renat failure, and impotence. Albuminuria, glycosuria, ele- 
va.ed BUN and microscopic deposits in the urine have also been reported. 

Testicular atrogt-: occurred in rats receiving Tegretol orally from 4 to 52 weeks at dos- 
age levels of 50 t-«06 mg/kg/day. Additionally, rats receiving Tegretol in the diet for two 
years at dosage =welS of 25, 75. and 250 mg/kg/day had a dose-related incidence of 
testicular atrophy-end-aspermatogenesis. In dogs, i! produced a brownish discoloration, 
presumably a metapoiit, in the urinary bladder at dosage levels of 50 mg/kg and 
hicher. Relevance 3f these findings to humans is unknown. 

Nervous System Cizzimess, drowsiness, disturbances of coordination, confusion, 
headache, fatigue. 5lumed vision, visual hallucinations, transient diplopia, oculomotor 
disturbances, ny*tagmws, speech disturbances, abnormal involuntary movements, 
peripheral neuritsane paresthesias, depression with agitation, talkativeness. tinnitus, 
and hyperacusis. 

There have besrvreports of associated paralysis anc other symptoms of cerebral arte- 
ria insufficiency, »u: the exact relationship of these reactions to the drug has not been 
es ablished. 

Digestive Syster= Nausea, vomiting, gastric distress and abdominal pain, diarrhea, 
constipation. anc»exia, and dryness of the mouth and pharynx, including glossitis and 
stcmatitis. 

Eyes: Scattered, sunetate. cortical lens opacities, as well as conjunctivitis have been 
reported. Aithoucya direct causal relationship has not been established, many pheno- 
thiazines and related drugs have been shown to cause eye changes. 
Mesculoskeletal 3 sstem: Aching jomts and muscles, and leg cramps. 

Metabolism: Feveranctchills. Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been sorted. 

DRUG ABUSE ..ND'DEPENDENCE 

Nc evidence of abuse gotentialhas been associated with Tegretol, nor is there evidence 
of 5sychological sr physica! dependence in humans. 

OVERDOSAGE 

Acute Toxicity 

Lowest known le™al dose: adults, > 60 g (39-year-old man). Highest known doses 
su"vived: adults, 3C gi 71-year-old woman); children, 10 g (6-year-old boy); small chil- 
dren, 5 g (3-year-»d giri). 

Oral LDs; in arsrzais (mg/kg). mice, 1100-3750; rats, 3850-4025; rabbits, 1500-2680; 
guinea pigs, 920 
Signs and Symetoms 
The first signs arttsymptoms appear after 1-3 hours. Neuromuscular disturbances are 
the most prominey Cardiovascular disorders are generally milder, and severe cardiac 
complications ocu: only when very high doses (>60 g) have been ingested. 
Respiration: |rrecutarDeeathing. respiratory depression. 

Cardiovascular System Tachycardia, hypotension or hypertension, shock, conduction 
disorders. 

Nervous System amd Muscles: impairment of consciousness ranging in severity to 
desp coma. Consuiisioms, especially in small children. Motor restlessness, muscular 
tw'tching. tremor-atnetoid movements, opisthotonos, taxia, drowsiness, dizziness, my- 
driasis, nystagmes. adiadochokinesia, ballism, psychomotor disturbances, dysmetria. 
Ini::al hyperreflex: follewed by nyporeflexia. 

Gestrointestinal ~act’ Nausea. vomiting. 

Kidneys and Blaecer Anuria cr oliguria, urinary retention. 


Laboratory Findings: Isolated instances cf overdosage have included leukacytosis, 
reduced leukocyte count. glycosuria and acetonuria. EEG may show dysrhvthmias. 
Combined Poisoning: When alcohol, tricyclic antidepressants, barbiturates or hydan- 
toins are taken at the same time, the signs and symptoms of acute poisoning with 
Tegretol may be aggravated or modified. 

Treatment 

The prognosis in cases of severe poisoning is critically dependent upon prompt elimina- 
tion of the drug, which may be achieved by inducing vomiting, irrigating the stomach, 
and by taking appropriate steps to diminish absorption. If these measures cannot be 
implemented without risk on the spot, the patient should be transferred at once to a hos- 
pital, while ensuring that vital functions are safeguarded. There s no specific antidote. 
Elimination of the Drug: Induction of vomiting. 

Gastric lavage. Even when more than 4 hours have elapsed following ingestion of the 
drug, the stomach should be repeatedly irrigated, especially if the patient has also con- 
sumed alcohol. 

Measures to Reduce Absorption: Activated charcoal. laxatives. 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with renal failure Replace- 
ment transfusion is indicated in severe poisoning in small children. 

Respiratory Depression: Keep the airways free; resort, if necessary, to endatracheal 
intubation, artificial respiration, and administration of oxygen. 

Hypotension, Shock: Keep the patients legs raised and administer a plasma expander. 
If blood pressure fails to rise despite measures taken to increase plasma volume, use of 
vasoactive substances should be considered. 

Convulsions: Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension, and coma. However, barbiturates should not be usec if drugs 
that inhibit monoamine oxidase have also been taken by the patient either ir overdos- 
age or in recent therapy (within one week). 

Surveillance: Respiration, cardiac function (ECG monitoring), blood pressure, body 
temperature. pupillary reflexes. and kidney and bladder functior should be monitored 
for several days. 

Treatment of Blood Count Abnormalities: If evidence of bone marrow depression de- 
velops, the following recommendations are suggested: (1) stop tne drug. (2) perform 
daily CBC, platelet and reticulocyte counts. (3) do a bone marrow aspiration and tre- 
phine biopsy immediately and repeat with sufficient frequency to monitor recovery. 

Special periodic studies might be helpful as follows: (1) white cell and platelet anti- 
bodies, (2) 595Fe—ferrokinetic studies, (3) peripheral blood cell typing, (4) cytogenetic 
studies on marrow and peripheral blood, (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for A; and F hemoglobin, and |7) serum 
folic acid and B,» levels. 

A fully developed aplastic anemia will require appropriate, intensive monitoring and 
therapy. for which specialized consultation should be sought. 

DOSAGE AND ADMINISTRATION 

Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS Laboratory Tests). Dosage should be adjusted to the needs of the 
individual patient. A low initial daily dosage with a gradual increase is advised. As soon 
as adequate control is achieved. the dosage may be reduced very gradually to the mini- 
mum effective level. Tablets should be taken with meals. 

Epilepsy (see INDICATIONS AND USAGE). 

Adults and children over 12 years of age—lInitial: 200 mg b.i.d. Increase at weekly 
intervals by adding up to 200 mg per day using a t.i.d. or q.i.d. regimen until tne best 
response is obtained. Dosage should generally not exceed 100C mg daily in children 12 
to 15 years of age, and 1200 mg daily in patients above 15 years of age. Doses up to 
1600 mg daily have been used in adults in rare instances. Maintenance: Adiust dosage 
to the minimum effective level, usually 800-1200 mg daily. 

Children 6-12 years of age—Initial: 100 mg b.i.d. Increase at weekly intervals by 
adding 100 mg per day using a t.i.d. or q.i.d. regimen until the best responses obtained. 
Dosage should generally not exceed 1000 mg. Maintenance: Adjust dosage to the 
minimum effective level, usually 400-800 mg daily. 

Combination Therapy: Tegretol may be used alone or with other anticonvulsants. 
When added to existing anticonvulsant therapy, the drug should be added gradually 
while the other anticonvulsants are maintained or gradually decreased, except pheny- 
toin, which may have to be increased (see PRECAUTIONS Drug Interactions). 
Trigeminal Neuralgia (see INDICATIONS AND USAGE). 

Initial: 100 mg b.i.d. on the first day for a total daily dose of 200 mg. This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom from pain. Do not exceed 1200 mg daily. 

Maintenance: Control of pain can be maintained in most patients with 400 mg to 

800 mg daily. However, some patients may be maintained on as little as 200 mg daily. 
while others may require as much as 1200 mg daily. At least once every 3 months 
throughout the treatment period, attempts should be made to reduce the dose to the 
minimum effective level or even to discontinue the drug. 

HOW SUPPLIED 

Chewable Tablets 100 mg—round, red-speckled, pink. single-scored (imprinted 
Tegretol on one side and 52 twice on the scored side) 


o -Ye TED E E eae aw oe te cae CURE ... NDC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

IO Osin sins x ice e ru donus FXETSAR Y E ... NDC 0C28-0052-61 


Tablets 200 mg—capsule-shaped, pink, single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 


OE TOs is fi ocx atesae T ETUDES ee VT NDC 0028-0027-01 

EMI uc ee she OE Er aman qu aque ERO 42 ..... NDC 0C28-0027-10 
Gy-Pak * —One Unit 

ZZ b5olles —100 tableis Gais: aci 1.2 acuti e dewey ds NDC 0C28-0027-65 
Unit Dose (blister pack) 

Box of 100 

(uolo A) a ee ee es YF SST NDC 0028-0027-61 


Protect from moisture. 


Dispense in tight container (USP). 
C86-33 (Rev. 6:86) 


GEIGY Pharmaceuticals 
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Another day 
fthout migraine 


Once-daily prevention: A better way of life 


for migraine sufferers 


INDERAL LA (propranolol hydrochloride) offers your patients 

safe and effective migraine prophylaxis suitable for long-term control. 
With INDERAL LA patients have less need for abortive medications 
and less fear of the disabling effect of frequent or severe attacks. 


ak. Once-daily convenience: A dosage regimen well 
_ 9. suited to the needs of active patients 
Ld INDERAL LA has a simple dosage schedule that's easy for 


patients to remember. Increased compliance can improve the 
chance of suecessful therapy. 


Start with 80 mg once daily 


For the best therapeutic results, start with 

INDERAL LA, 80 mg once daily, and titrate 

upward according to the individual patient 

response. The usual effective dosage range wm wr 

is 160 to 240 mg daily. | = = 
For further details, please see brief d 


summary of prescribing information on er 160 


mg. 


The appearance of INDERAL LA Capsules 
Is a registered trademark of Ayerst Laboratories. 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL* LA brand of propranolol hydrochloride (Long Acting 

DESCRIPTION. Inderal LA is formulated to provide a sustained release of propranolol 
hydrochloride. Inderal LA is available as 80 mg, 120 mg, and 160 mg capsules. 
CLINICAL PHARMACOLOGY. INDERAL is a nonselective beta-adrenergic reeeptor 
blocking agent possessing no other autonomic nervous system activity. It specifically com- 
petes with beta-adrenergic receptor stimulati agents for available receptor sites. When 
access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropie, and 
vasodilator responses to beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Seis (BO, 120, and 160 mg) release propranolol HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about € hours 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 24- 
hour period the areas under the propranolol plasma concentration-time curve (AUCs) lor the 
capsules are approximately 60% to 65% of the AUCs for a comparable divided daily cose of 
INDERAL tablets. The lower AUCs for the capsules are due to greater hepatic metabciism of 
Sager: resulting from the slower rate of absorption of propranolol. Over atwenty-four (24) 

our period, blood levels are fairly constant for about twelve (12) hours then decline 
exponentially. 

INDERAL LA should not be considered a simple mg for mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two-to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered especially to 
maintain effectiveness at the end of the dosing interval. In most clinical settings, however. 
such as hypertension or angina where there is little correlation between plasma levels and 
Clinical effect, INDERAL LA has been therapeutically equivalent! to the same mg cose of 
conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
exercise responses of heart rate, systolic pressure and rate pressure product. INDERAL LA 
can one effective beta blockade for a 24-hour period. 

he mechanism of the antihypertensive effect of INDERAL has not been established 

Among the factors that may be involved in contributing to the antihypertensive action are (1) 
decreased cardiac output, (2) inhibition of renin release by the kidneys, and (3) diminution of 
tonic sympathetic nerve outflow from vasomotor centers in the brain. Although total pempheral 
resistance may increase initially, it readjusts to cr below the pretreatment level with chronic 
use. Effects on plasma volume appear to be minor and somewhat variable. INDERAL has 
been shown to cause a small increase in serum potassium concentration when used in the 
treatment of hypertensive patients. 

In angina toris, propranolol generally reduces the oxygen requirement of the heart at 
any given level of effort by blocking the catecholamine-induced increases in the heart rate, 
systolic blood pressure, and the velocity and extent of myocardial contraction. Propranolo! 
may increase oxygen requirements by increasing left ventricular fiber length, end diastolic 

ressure and systolic ejection period. The net physiologic effect of beta-adrenergic blockade 
IS usually advantageous and is manifested during exercise by delayed onset of pain and 
increased work capacity. 

In dosages greater than required for beta blockade, INDERAL also exerts a quinicine-like 
or anesthetic-like membrane action which affects the cardiac action potential. The signifi- 
cance of the membrane action in the treatment of arrhythmias is uncertain. 

The mechanism of the antimigraine effect of propranolol has not been established Beta- 
adrenergic receptors have been demonstrated in the pial vesseis of the brain 

Beta receptor blockade can be useful in conditions in which, because of pathciogic or 
functional changes, sympathetic activity is detrimental to the patient. But there are also 
Situations in which sympathetic stimulation is vital. For example, in patients with severely 
damaged hearts, adequate ventricular function is maintained by virtue of sympathetic drive 
which should be preserved. In the presence of AV block, greater than first degree, beta 
blockade may prevent the necessary facilitating effect of sympathetic activity on conduction. 
Beta blockade results in bronchial constriction by interfering with adrenergic bronchodilator 
activity which should be preserved in patients subject to bronchospasm. 

Propranolol is not si ev pa dialyzable. 

INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 
hypertensive emergencies. 

Pectoris Due to Atherosclerosis: INDERAL LA is indicated 
for the long-term management of patients with angina pectoris. 

Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. 
The alee of propranolol in the treatment of a migraine attack that has started has mot been 


established and propranolol is not indicated for such use. 

Hypertrophic Subaortic Stenosis: INDERAL LA is useful in the management of 
hypertrophic subaortic stenosis, especially for treatment of exertional or other stress-nduced 
angina, palpitations, and syncope. INDERAL LA also improves exercise performamce. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvement may be temporary. 

NDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock: 2) sinus 
bradycardia and greater than first degree block; 3) bronchial asthma; 4) congestive heart 
MU Line WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable with 


WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component sup- 
nnd circulatory function in patients with congestive heart failure, and its inhibitior by beta 

lockade may precipitate more severe failure. Although beta blockers should be avoided in 
overt congestive heart failure, if necessary, they can be used with close follow-up inspatients 
with a history of failure who are well compensated and are receiving digitalis and diuretics. 
Ro ate blocking agents do not abolish the inotropic action of digitalis on heart 
muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptorr of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, ór INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
me and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is-advis- 
able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
agement of unstable angina pectoris. Since coronary artery disease may be 
unrecognized, it may be prudent to follow the above advice in patients considerec at risk 
of having occult atherosclerotic heart disease who are given propranolol for other 
indications. 
Nonallergic pel (e.g., chronic bronchitis, emphysema 
PATIENTS WITH BRONCHOSPASTIC DISEA ES SHOULD IN GENERAL NOT RECEIVE B 
BLOCKERS. INDERAL should be administered with caution since it may block broachodila- 
tion produced by endogenous and exogenous catecholamine stimulation of beta receptors 














MAJOR SURGERY: The necessity or desirability of withdrawal of 2eta-blocking therapy 
prior to major surgery is controversial. It should be noted, however, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta- 
receptor agonists and its effects can be reversed by administration of such agents, e.g., 
dobutamine or isoproterenol. However, such patients may be subject to protracted severe 
hypotension. Difficulty in starting and maintaining the heartbeat has atso been reported with 
beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the ap- 
pearance of certain premonitory signs and symptoms (pulse rate anc pressure changes) of 
acute hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more 
difficult to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol does net distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring r demand pacemaker. In one case this resulted after an initial dose of 5 mg 

ropranolol. 
PRECAUTIONS. General: Propranolol should be used with caution in patients with impaired 
hepatic or renal function. INDERAL is not indicated for the treatment of hypertensive 
emergencies. 
eta adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 

should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pressure. 

` Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate Gehycrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed i! INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or orthostatic 
hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of significant 
drug-induced toxicity. There were no drug-related tumorigenic effects at any of the dosage 
levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should 
be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: INDERAL is excreted in human milk. Caution should be exercised when 
INDERAL is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS. Mos! adverse effects have beer mild and transient and have 
rarely required the withdrawal of therapy. 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypo- 
tension; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
Raynaud type. 

Central Nervous System: lightheadedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations, an acute reversible syndrome characterized by disorientation for 
time and place, short-term memory loss, emotional lability, slightiy clouded sensorium, and 
decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash fever combined with aching 
and sore throat, laryngospasm anc respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronies disease have been reported rarely. Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) 
have not been associated with propranolol 
DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
tablets to INDERAL LA capsules, care should be taken to assure tha: the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a. simple mg for mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower biood levels. Retitration may 
be necessary especially to maintain effectiveness at the enc of the 24-hour dosing interval. 

HYPERTENSION— Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure contro! is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some irstances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS— Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three to seven day intervals until optimum 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimum dosage appears to be 160 mg once daily. In ina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks 
(see WARNINGS). 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimum migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximum dose, INDERAL LA therapy 
should be discontinued. It may be advisable to withdraw the drug cradually over a period of 
several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS—80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE —At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 

*The appearance of INDERAL LA capsules is a registered trademark of Ayerst Laboratories. 
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Forced Normalization 





Acute Psychosis After Seizure Control in Seven Patients 


Ann Pakaln.s, MD; Miles E. Drake, Jr, MD; Kuruvilla John, MBBS; J. Blake Kellum, MD 


e An antagonistic relationship be- 
tween psyc-7osis and seizures has been 
described ir seme patients and is some- 
times termed ‘orcad normalization." We 
saw seven epileptic patients without a 
previous pswchiatric history, who devel- 
oped acute psycho"ic states on establish- 
ment of seizure cortrol and normalization 
of previouslv abnormal electroencephalo- 
grams with rank epileptiform activity. A 
possible hypothetzal relationship be- 
tween psychosis aad epilepsy regarding 
the mesolima3ic-dopaminergic system and 
kindling of tris system with epileptic dis- 
charge in tempora-limbic circuits could 
induce a florid psychotic state in some 
patients. This bioctemical relationship to 
schizephreni with neightened dopamine 
activity would atso easily explain the ame- 
lioration-of acute psychotic activity in our 
seven patients with neuroleptic agents 
and their antagonism of this increased 
dcpaminergi- cutflcw state. 

(Arch Neuro/ 198*;44:289-292) 


complex relationship between 

epilepsy and psychotic behavior 
hes long been re-ognized. An occa- 
sienal problem is the acute appear- 
ance of a psyehotic state on achieve- 
ment of sezure control and normal- 
ization of a previcusly abnormal elec- 
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troencephalogram (EEG). This has 
been termed "forced normalization" 
by Landolt?^ The phenomenon was 
first reported with focal cortical epi- 
lepsies and then was later described in 
the generalized epilepsies. 





For editorial comment see p 253. 





The occurrence of forced normaliza- 
tion has been reported several times 
more recently, especially with use of 
succinamide drugs in treatment of 
absence seizures, with Wolf and col- 
leagues! reporting a frequency of 
forced normalization of 7.895 in their 
study group of 229 patients. Ramani 
and Gumnit,* in a study group of ten 
patients with interictal psychosis, 
described a patient with complex par- 
tial seizures and forced normalization 
of EEG with appearance of catatonic 
schizophrenia. Clinical frequency may 
indeed be higher, since acute psycho- 
sis and normalization of EEG with 
improved seizure control may go 
unrecognized in many cases. 


REPORT OF CASES 


Our seven patients were admitted to the 
Epilepsy Unit at The Ohio State University 
Hospitals in Columbus between December 
1982 and April 1985. They had no previous 
psychiatric histories and had normal 
results of neurologic and mental status 
examinations and normal computed to- 
mographic (CT) brain scans. Five of seven 
were women, their ages ranged from 19 to 
44 years, and mean epilepsy duration was 
1.5 years. Clinical characteristics are sum- 
marized in the Table. 

All patients had prolonged 17-channel 
EEGs with sleep deprivation, photic stim- 
ulation, and hyperventilation before initia- 
tion of antiepileptic drug monotherapy. 


Any previous anticonvulsants had been 
discontinued without complication. Emer- 
gent psychiatric evaluation and repeated 
EEGs were carried out after the develop- 
ment of behavioral aberraticns. 

CAsE 1.—A 19-year-old woman, who suf- 
fered complex partial seizures with second- 
ary generalization since age 3 years, was 
admitted for institution of carbamazepine 
therapy. She had a history cf poor school 
performance and frequent unemployment, 
with a personal history of argumentative 
behavior and poor impulse control. Seizure 
frequency at hospital admission was two to 
three episodes per day. Her EEG showed 
right anteromesial tempora. spikes. She 
was begun on a regimen of czrbamazepine 
at a dosage of 200 mg four times daily 
(QID) for seizure control. Within 48 hours 
of seizure control with carbamazepine, she 
acutely developed thought disorder with an 
intense heightened affect and compulsive 
behavior. Carbamazepine level was thera- 
peutic at 7.7 mg/L (33 umol/L), and she 
had no evidence of carbamazepine toxic 
effects. She manifested increased argu- 
mentativeness and verbal hostility to fam- 
ily members, at many times refusing any 
type of cooperation with family and hospi- 
tal staff. Her psychiatric diagnosis was 
atypical psychosis, and the EEG was nor- 
mal at this time. The psychosis diminished 
with haloperidol therapy, and she had nor- 
mal mental functioning within a week. 

CasE 2.—A 29-year-old unemployed 
woman with a history of significant alco- 
hol abuse in the remote past developed an 
acute psychosis diagnosed as paranoid 
schizophrenia within 48 hours of starting 
carbamazepine therapy (200 mg QID) for 
poorly controlled complex partial seizures. 
Her prior seizure frequency was one epi- 
sode per day. Carbamazepire level was 
therapeutic at 5.7 mg/L (24 umol/L), with 
onset of psychosis. Her psychiatric symp- 
toms were flat affect, auditory hallucina- 
tions, and ideas of reference with per- 
secutory delusions; she was physically and 
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Ohio State University Hospitals' Cases of Forced Normalization 


Seizure Type EEG Abnormalities * Drugs 


Complex partial, 2° R anteromesial temporal Valproic acid, 
generalization spikes carbamazepine 


Complex partial, 2° R temporal slowing, L Carbamazepine 


Psychiatric Treatment 
Atypical psychosis 


Patient/Age, y/Sex 
1/19/F 


2/29/F Paranoid schizophrenia 
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generalization 


3/44/F Complex partial 


4/23/M Complex partial 


5/38/F Absence, 1° 
generalization 


6/31/M Complex partial 


7/22/F 
generalization 


* EEG indicates electroencephalographic. 


verbally hostile toward nursing staff and 
required physical restraint for behavioral 
control. Her psychosis cleared over 48 
hours of treatment with haloperidol, and 
seizures did not recur. Her initial EEG 
showed right anterolateral temporal epi- 
leptiform paroxysms, but the EEG while 
she was psychotic was normal. The right 
anterolateral temporal focus was again 
seen on a later EEG. 

CASE 3.— A 44-year-old woman had poor- 
ly controlled complex partial seizures for 
more than 20 years. She had a long history 
of emotional lability, marital discord, and 
poor parenting skills toward her three 
children. Current seizure frequency was 
approximately three episodes per week. 
She developed a psychosis diagnosed as 
paranoid schizophrenia within 24 hours of 
initiation of methsuximide therapy (300 
mg three times daily). No methsuximide 
levels were obtained at this time. She had a 
flattened affect, persecutory auditory hal- 
lucinations, and catatonic posturing, all of 
which resolved over one week of receiving 
thioridazine hydrochloride. She had no 
further seizures but intermittently re- 


Complex partial, 2? 


anteromesial temporal 
spikes 

R anterior temporal sharp 
waves 

L midtemporal sherp waves, 
R temporal slowing 

Bilateral synchronous 
Spike-wave bursts 

R anteromesial temporal 
sharp waves 


L posterior temporal slowing 
and sharp waves 


ic acid (250 mg QID). During the next 48 
hours, she developed intense and labile 
affect, inappropriate behavior, and easy 
distractibility, with infantile regression. 
No valproate levels were obtained at this 
time. Her frankly abnormal EEG, with 
bilaterally synchronous spike-wave and 
polyspike-wave diseharges, normalized at 
this time but later showed diffuse slowing 
and epileptiform paroxysms. Psychiatric 
diagnosis was atypical psychosis or organ- 
ic thought disorder, and her symptoms 
resolved over ten days of administration of 
haloperidol; the dosage of haloperidol was 
later tapered, without recurrence of psy- 
chosis. 

Case 5.—A 35-year-old man with com- 
plex partial seizures for ten years was 
admitted with intractable seizures consist- 
ing of several partial episodes per week. He 
was a Vietnam veteran and had a history 
of illicit drug use 15 years previously while 
in the armed forces but no current history 
of drug or alcohol abuse. He had a right 
temporal epileptogenic focus on EEG and 
was begun on a dosage of carbamazepine of 
200 mg QID. He developed an atypical 


Methsuximide 
Carbamazepine 
Valproic acid 


Carbamazepine 


Methsuximide 


Paranoid schizophrenia 
Atypical psychosis 
Atypical psychosis 


Possible organic delirium or 
atypical psychosis, borderline 
personality 


Organic psychosis with thought 
disorder 





ceased with haloperidol treatment. His 
abnormal EEG, with right temporal spikes 
and sharp waves, was normal after the 
onset of acute psychosis. 

CasE 7.—A 22-year-old unemployed 
woman suffering from poorly controlled 
complex partial seizures with secondary 
generalization since childaood had seizure 
frequency of three to fcur episodes per 
week. She denied illicit drug or alcohol 
abuse. She had left posterior temporal 
slowing and sharp waves on EEG. Meth- 
suximide therapy was begun at a dosage of 
300 mg three times daily, and seizures were 
controlled, but 48 heurs later the patient 
developed an organic psychosis with flat 
affect, delusions, and auditory hallucina- 
tions, which cleared with haloperidol 
treatment over seven days, during which 
her EEG was normal. No anticonvulsant 
levels were obtained. The neuroleptic was 
discontinued, and no further seizures or 
recurrent psychosis occurred. 


COMMENT 


The association of psychosis and 
temporal lobe seizure foci has long 


quired neuroleptics subsequently for epi- sychosis with intense affect and persis- : 
be. sodes of bizarre behavior. Her initial EEG taa delusional somatic concerns nix: been recogn ized and noted to z TAL 
* showed left arteromesial temporal spikes ^ after beginning carbamazepine therapy. RIS than in other forms o SER 
b and sharp waves, but the EEG during the He had persistent delusions concerning SY: Our patients had predominantly 
3 acute psychosis was normal. A subsequent murdering his wife and parents. His carba- complex partial seizures, with no 
n EEG, performed when she was free of mazepine level was therapeutic at 10.1 prior psychiatric histories that we 
i seizures or behavioral abnormalities, mg/L (43 umol/L). The EEG at that time could discern, and had relatively 
4 again showed left anteromesial temporal was normal. The psychosis resolved during benign psychiatric histories after- 
| epileptiform activity. She acutely devel- a one-week treatment with haloperidol, ward, with few or no psychiatric 
4 os Pra qe with intense, and there has been no recurrence of sei- symptoms and little or no require- 

heightened affect, and compulsive behav- zures. : : E rst 
f ior. Her psychiatric diagnosis was atypical CasE 6.—A 23-year-old man was begun ment for antipsychotic medications. 
b psychosis, and the EEG was normal at this on an initial regimen of carbamazepine for The patients had received hic <i 
à time. The psychosis diminished with halo- ^ treatment of complex partial seizures. He antiepileptic medications before the 
if, peridol therapy, and she had normal men- had onset of seizure disorder at the age of development of psychosis, but the psy- 
: tal functioning within a week. 12 years and, at time of admission, was chotic symptoms did not emerge until 


CasE 4.—A 39-year-old woman, with a 
history of frequent unemployment and 
impulsive behavior with prolonged fre- 
quent absences from home, had a diagnosis 
of tonic-clonic and absence seizures since 
childhood. These were poorly controlled 
with phenytoin sodium and previously 
with ethosuximide treatment, and she was 
suffering one generalized convulsion per 
day. She was begun on a regimen of valpro- 
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suffering several episodes per week. He 
was a recent college graduate, was living 
with his parents, and had no history of 
drug or alcohol abuse. Carbamazepine 
therapy was begun at a dosage of 200 mg 
twice a day, with a therapeutic level of 5.9 
mg/L (25 umol/L). He developed an acute 
psychosis with an intense labile affect, 
religious delusions that were persecutory 
in nature, and compulsive behavior, which 


seizure control had been achieved, the 
previous antiepileptic drug treat- 
ments having been ineffective. These 
observations suggest a relationship 
between temporal lobe epilepsy, 
achievement of seizure control, and 
development of psychosis in our seven 
patients, but the role of duration and 
severity of epilepsy, seizure focus or 
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laterality, and specific medication and 
dosage are not «lear, nor is it clear 
why only a few patients develop psy- 
chosis on attainment of seizure con- 
trol. 

Kristensen anc Sindrup* studied 96 
patients with complex partial seizures 
and found that seizure frequency was 
significantly lower in patients with 
concurrent psychesis, and they 
showed an inverse relationship be- 
tween psyciwsis and seizure frequen- 
cy. The latter had been found previ- 
ously in a study »f 536 psychotic epi- 
sodes in 516 patients by Dongier.’ The 
alternate reiatiorship of seizures and 
psychosis was ascribed to structural 
disturbance in the temporal lobes, 
causing Doth epilepsy and limbic sys- 
tem dys^unetion manifested as psy- 
chosis. The gradua. development of 
psychosis ir chronic temporal lobe 
epilepsy is well ceseribed, and some 
have sugzested that behavioral symp- 
toms improve with seizure focus 
resectior’; i» contrast, Jensen and 
Larsen” reperted amelioration of psy- 
chotic symptoms n 11 of 20 psychotic 
patients with seizures after temporal 
lobectomy but de novo appearance of 
psychosis ir nine others. This implies 
that the presence cf a temporal or 
limbic structural lesion is not neces- 
sary for development of psychosis. 

Our paciemts dic net have structural 
causes of seizures or psychosis. They 
also did nct have the long average 
duration of poorly controlled sei- 
zures— 14 years ir the study of Slater 
et al* compared wath 7.5 years in our 
patients—or the preponderance of left 
temporal faci described in previous 
studies. Ia additioa, there was marked 
variability im the psychiatric diag- 
noses at the enset of psychotic symp- 
toms, wh ch were nct related to age, 
sex, seizmre durzticn, epileptogenic 
“ocus, anc medication used to achieve 
seizure centrel. Two patients had flat 
affect, hallucinations, and delusions 
and were considered to have paranoid 
schizophreniz; two patients were 
Delieved to have organic delirium or 
personality disorder with little or no 
change in affect bet bizarre behavior; 
and two patients had intense and 
inappropriate affect and received 
diagnoses of 2typical psychosis. These 
symptoms are semewhat different 
from the iunzerictzl psychosis of tem- 
poral lobe epilepsy, classically de- 
scribed as schizoplrenialike but with 
heightened afect’ and recently shown 
by detailed examination to be essen- 
tially identici to schizophrenia." We 
believe that the psychoses developed 
by our pa-ien:s on attainment of sei- 
zure control are clinically and etiolog- 
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ically distinct from the interictal psy- 
choses of temporal lobe epilepsy and 
are related to the cessation of seizures 
rather than to duration, type, or later- 
ality of epilepsy. 

An antagonistic relationship be- 
tween seizures and psychosis was sug- 
gested by von Meduna," who sought to 
use induced convulsions in the treat- 
ment of mental illness. Landolt? 
observed an alternation of seizures 
and psychosis in 47 patients with focal 
and generalized epilepsy clinically 
and focal and generalized epilepti- 
form paroxysms on EEG, and they 
suggested a biochemical rather than 
structural link between epilepsy and 
psychosis. Wolf and Trimble” later 
suggested that the implication of 
alternation between seizures and psy- 
chosis might be mainly due to transla- 
tion from German to English; they 
reported 44 psychotic episodes in 36 
patients in which EEG normalization 
might have been coincidental and psy- 
chosis might have been the result of 
clinical evolution of an intractable 
seizure disorder. Psychoses in our 
patients were effectively alleviated by 
neuroleptic agents, as was the case 
with Landolt’s patients; our patients 
also resembled those of Landolt in 
that psychoses were characterized by 
intense affect with hallucinations, 
delusions, and compulsions. Forced 
normalization in this respect has a 
strong resemblance to the “epileptic 
mania” of the 19th century, described 
by Morel" as epilepsie larvée. 

The mechanism of forced normal- 
ization is uncertain. Reynolds" pro- 
posed an antagonism of folic acid by 
antiepileptic drugs, but this has not 
been consistently demonstrated," and 
it would be difficult to explain why 
psychosis occurs relatively infre- 
quently with seizure control if this 
were the basis. A recent report by 
Benson et al" implicated postictal 
confusion or state-dependent cogni- 
tive phenomena as causes of personal- 
ity duality and psychosis after seizure 
control; the transient duration of psy- 
chosis after seizure control in our 
patients, and its relatively late 
appearance after seizures for several 
years, would argue against this 
hypothesis. Ethosuximide therapy for 
absence seizures has been particularly 
implicated in precipitation of psycho- 
sis, and Wolf et al’ have shown sig- 
nificant differences in effects on sleep 
between ethosuximide and valproate 
therapy, which rarely precipitates 
psychosis; this may implicate altered 
nocturnal sleep, of which patients 
receiving ethosuximide often com- 
plain, in the precipitation of psychiat- 


ric symptoms. Since psychoses can 
significantly alter sleep independent 
of medication effects,’ and since 
almost all patients receiving ethosux- 
imide had psychiatrie symptoms 
while few receiving valproate did, it is 
possible that the reported changes 
could be secondary rather than caus- 
ative. Sleep was not investigated in 
our patients, but no specific effect of 
ethosuximide was noted, and, in fact, 
patients with histories of uncompli- 
cated ethosuximide therapy developed 
psychosis on institution of valproate 
therapy. 

The kindling model of epileptogene- 
sis? may explain the development of 
psychosis in epilepsy. Stevens and 
Livermore? demonstrated the ability 
of kindling stimuli applied to the 
mesolimbic dopaminergic system to 
produce behavioral change analogous 
to psychosis; this could explain the 
gradual development of psychosis in 
chronic epilepsy but would not explain 
the sudden development of psychotic 
Symptoms on seizure control, al- 
though the mesolimbic dopaminergic 
system could be involved in the symp- 
toms of our patients with schizophre- 
nialike presentations. Kindling of lim- 
bie structures could result in in- 
creased amygdala-limbic outflow on 
cessation of temporal neocortical epi- 
leptogenic discharge; this might man- 
ifest itself as an affective psychosis 
and could explain the symptoms of 
our two patients with heightened 
affect, but the limbic system is so 
frequently involved in epilepsy that it 
would be appropriate to inquire why 
psychosis does not develop more fre- 
quently with seizure control. 

Goldensohn” suggested that the 
stimulation of amygdalar-limbiec ac- 
tivity in kindled animals could be 
attributed to a decreased inhibition of 
these circuits rather than to a direct 
enhancement in excitability. This 
decrease in inhibition could produce 
heightened dopamine outflow on a 
molecular basis without structural or 
ultrastructural change? However, 
there has been no firm evidence that 
this process occurs in humans. 

Trimble” suggested that antiepilep- 
tic medications might precipitate psy- 
chosis by dopamine agonism, while 
antipsychotie dopamine antagonists 
could lower seizure threshold, for 
which some clinical evidence has been 
found.^ The acute introduction of 
dopamine agonists on initiation of sei- 
zure therapy could induce psychosis, 
but the failure of seizures to recur 
with control of psychosis by neurolep- 
tic dopamine antagonists; the variety 
of antepileptic medications of pre- 
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b. S 


sumably different degrees of dopa- 
mine agonism, which precipitated 
psychosis in our patients; and the fact 
that all our patients had previously 
received antiepileptic medications 
without developing psychosis must 
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À CLEARWATER BEACH, FLORIDA 


April 12-13-14, 1987 


“Modern Dissection Techniques of Bone, Biometals and Bioplastics” 
(NEURO 700)* 
a Neurosurgical symposium 
co-sponsored by 
THE UNIVERSITY OF SOUTH FLORIDA 
COLLEGE OF MEDICINE 
Department of Surgery 
Division of Neurosurgery 
and 


MIDAS REX INSTITUTE 


Course Directors: David W. Cahill, M.D.; Jane Mitchell, Ph.D.; Susan Mitchell, Ed.D. 
SYMPOSIUM FORMAT 


WORKSHOPS: CREDITS: 

The Midas Sex Hands-On Workshops will be held each day from 7:30 CME Credit Available 

am to 530 pm. The workshop will emphasize a series of hands-on ENROLLMENT: 

exercises, utilizing appropriate animal bones, skeletal bones, bioplastics Send letter and check payable to "Clearwater Neurosurgical Sym- 


and bicmetsis for dissection in the cranium and spine. Methylmethacry- velis 1; 
' . posium:’ Surgeon-US $965.00; Resident-US $585.00 (with letter from 
late, ana biometals. asthey are related to neurosurgery will also be con Department Head); OR/Tech/Ass't.-US $250.00. Mail to: 


siderec Gwestlecturers will presentclinicalaspectsofspinalandcranial ; i 
proceduresand videc tapes of clinical procedures will be available. cci Mee owl eis ico hd" dude Texas 76111, 
ACCOMMODATIONS: one: (800) 433-7639, In Texas: (817) 831- 


Sheraton Sand-Key Resort, 1160 Gulf Blvd., Clearwater Beach, 
Florida 33515. Phone- (813) 595-1611 


*There wil! 5e a simultaneous Orthopaedic Symposium (Ortho 700) at the same time in a separate room. Hospitality will be combined. 


GET OUT 
OF THE 
DARK. 


OR 0. 


PAIN/HEADACHE FELLOWSHIP 


The Unified Pain Service and Headache Unit of the Albert 
Emstein/Montefiore Medical Center Department of Neu- 
relogy are offering a PGY-5 fellowship in clinical pain 
management, headache and research, starting July 1, 
1987. Specific areas to be covered include: headache; 
pain and neurological complications in patients with 





cancer; management of pain of non-malignant origin; 
paarmacologv of analgesics; and non-pharmacological 
methods cf pain management. For further information, 
piease send etter and brief CV to: 

Ronald Kanner, M.D. 

Director, Unified Pain Service 

Montefiore Medical Center 

111 East 210th Street 

Bronx, New York 10467 

(212) 920-5482 





Open your eyes and see just how 
many subjects are covered in the new 
edition of the Consumer Information 
Catalog. It's free just for the asking and 
so are nearly half of the 200 federal 
publications described inside. Book- 
lets on subjects like financial and 
career planning; eating right, exercis- 
ing, and staying healthy; housing and 
child care; federal benefit programs. 
Just about everything you would need 
to know. Write today. We'll send you the 
latest edition of the Consumer Informa- 
tion Catalog, which is updated and 
published quarterly. It'll be a great 
help, you ll see. Just write: 


Consumer Information Center 
Department TD, Pueblo, Colorado 81009 


U.S. General Services Administration 
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DALLAS/FORT WORTH HANDS-ON WORKSHOPS 


"Modern Dissection Techniques Of Bone, Bioplastics and Biometals" 
Neurosurgical Symposium (NEURO 700) 


March 23-24-25 
April 6-7-8 


June 29-30-Jul. 1 
July 20-21-22 


May 7-8-9 - 27-28-29 


WORKSHOPS: 





The workshops will emphasize a series of structured exercises, 
utilizing appropriate animal bones, skeletal bones, bioplastics 
and biometals for dissection in cranium and spine. Methyl- 
methacrylate and biometals as they relate to neurosurgery will 


also be considered. 


The Midas Rex Hands-On 
Workshops will be held each 
day from 7:00 am to 1:00 pm 

at the permanent instruc- 
tional facility, 3001 Race $h 
Street, Fort Worth. The after- 


noons and evenings are free ^'^ 


to enjoy some of the many passas 
activities that Fort Wortthhas ^ ^ 
to offer such as: 

ATTRACTIONS —Fort Worth 
Zoological Park, Stockyards, 

Kimbell Art Museum, Amon SEa 
Carter Museum, Fort Worth Sa 
Museum of Science and 

History, Log Cabin Village, 

Fort Worth Japanese Gar- 


PEDIATRIC 
NEUROLOGIST 


Immediate opening in Neurology 
dept. of large multispecialty group 
practice for a highly qualified and 
personable individual. Would be 
joining 1 pediatric neurologist, 6 
adult neurologists and 3 neurosur- 
geons. We have a 19 member 
pediatric dept. with most subspe- 
cialties and a Children's Hospital 
affiliation. For details send C.V. 
to: 


Charles Anderson, M.D. 
Box 2067 
Fargo, North Dakota 58123 
or call (701) 235-5354. 


August 6-7-8 + 24-25-26 


dens, Van Zandt Cottage, Trinity Park, Botanic Gardens and the 


Fort Worth Water Garden, Six Flags Over Texas. In Dallas enjoy 
the Old City Park, John F. Kennedy Memorial Plaza, professional 
sports with the Dallas Cowboys and the Texas Rangers. 

SHOPPING —Visit the restored Sundance Square downtown, the 


stockyards which specialize in Western wear and local malls. 


Neurologist in recreational 
area of central New Hamp- 
shire seeks BE/BC neurologist 
in busy multi-specialty group 
practice. Knowledge of EEG, 
EMG/NCV and EP’s essential. 
Respond Box 637, Laconia, 
NH 03247 


DINING—There are many fine 
restaurants to choose from 
in the Fort Worth area. Sev- 
eral restaurants are located 
near the stockyards. 


ENROLLMENT: 

Send letter and check pay- 

, able to "Dallas/Fort Worth 

QA MESI 34 Symposium!’ Surgeon- 
ume? US $965.00; Resident- 
lade US $585.00 (with letter from 
E- Department Head); OR/ 
(4 lech/Asst.- JS $250.00. Mail 

to: Midas Rex Institute, 3001 

Race St., Fort Worth, TX 76111 

Phone: (800) 433-7639, In 

Texas: (817) 831-2604 


POSITION AVAILABLE 
EEG/EPILEPSY POSITION 


Position available at the Assistant/ 
Associate Professor of Clinical 
Medicine level for a board certi- 
fied/eligible neurologist interested 
in epilepsy. This position involves 
developing programs for research 
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Predietion of Early Beneficial Response to 
Plasma Zxchange in Guillain-Barré Syndrome 
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* We attemptee to identify predictive 
facters of early beneficial response to 
plasmapheresis i» Guillain-Barré syn- 
drom= (GBS). We reviewed 24 patients 
with -ypizal severe GBS who underwent 
plasmapheresis amd analyzed their out- 
come at one morth. One group of 14 
patiests, cesignated as responders, 
impreved dramatically, while ten patients 
showed little respanse. Age was the only 
impo*tan: clinical predictor, with respond- 
ers being ycunger. No other clinical vari- 
abie Sex precedirz illness, severity, tim- 
ing ef plasmapheresis, cranial nerve 
involwement. or cerebrospinal fluid find- 
ings) reached sigrrficance. Among elec- 
traphwsiologic parameters obtained be- 
fore slasmapheress, the amplitudes of 
compund muscle action potentials with 
distakstimulation o median and peroneal 
nerves were-signiffantly reduced in non- 
responders. Flasmapheresis may improve 
only a subgroup cf patients with GBS. 
Among patient characteristics, age and 
amplitudes o! compound muscle action 
potentials are&impo tant predictors of ear- 
ly responsiveness. 

(Arch Neurol 19&7;44:295-298) 


EivBenze of ar immune-mediated 

humeral meclanism in the patho- 
genesis cf acute isflammatory polyra- 
dieulepathy or Suillain-Barré syn- 
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drome (GBS) resulted in the first suc- 
cessful use of plasmapheresis (PE) in 
a single patient. Although subse- 
quent reports showed varying effects 
of PE on the course of the disorder, 
the suggestion of a beneficial response 
in several of these anecdotal reports 
led to the organization of five con- 
trolled randomized trials'?'$ to estab- 
lish whether PE significantly im- 
proves outcome in GBS. All but two of 
these trials have demonstrated a 
favorable and significant response.!^!* 
As a result, PE is now accepted as a 
valid modality of treatment in severe- 
ly affected patients with GBS of 
recent onset." 

The variability of response to PE in 
these treatment trials!^'*!6 raises the 
possibility that some but not all 
patients with GBS respond to this 
mode of treatment. In the present 
study, we reviewed the treatment out- 
come to PE in GBS at our institution 
and found two distinct types of out- 
come: one group of patients improved 
dramatically, while the other group 
showed little change. Analysis of 
patient characteristics to predict out- 
come revealed that advancing age and 
low-amplitude compound muscle ac- 
tion potentials (CMAPs) with distal 
stimulation of the nerve are associ- 
ated with an unfavorable early 
response to PE. 


PATIENTS AND METHODS 


We reviewed the cases of all patients 
seen at the University of Iowa Hospitals, 
Iowa City, from December 1979 to March 
1986 who fulfilled the diagnostic criteria 
for GBS" and had undergone PE. Thirty 
cases were identified and 24 underwent 
further analysis. Of the six patients 
excluded from the study, one had the Mil- 
ler-Fisher variant of GBS, another suf- 
fered from concurrent lymphoma, one sub- 
sequently developed a chronic relapsing 


polyradiculoneuropathy, and one patient 
failed to return for follow-up examination. 
The remaining two patients had insuffi- 
cient PE therapy because of superimposed 
medical conditions. 

One of us (E.P.B.) assessed the clinical 
status of each patient using the grading 
scale of functional ability introduced by 
Hughes et al.” Grade 0 indicated normal; 
grade 1, minor symptoms or signs; grade 2, 
able to walk 5 m withcut a walker or 
support; grade 3, able to walk 5 m with a 
walker or support; grace 4, bedbound; 
grade 5, requires assisted ventilation; and 
grade 6, dead. All patients except one had a 
disability grade of 4 or worse before PE. 
The clinical grade was assessed at weekly 
intervals for the first four weeks. 

The outcome at one month was used to 
classify the patients as responders or non- 
responders based on their improvement. 
Previous studies! had shown an 
improvement by one disability grade at 
one month as consistent with the natural 
course of GBS. We arbitrarily defined a 
beneficial response to PE as improvement 
by two or more disability scale grades at 
one month. All patients received support- 
ive care but neither corticosteroids nor 
immunosuppressive agents. Four patients 
had received low-dose prednisone three to 
five days before but not at the time of 
PE 


Electrophysiologic assessment per- 
formed three to four days before PE con- 
sisted of nerve conduction studies, includ- 
ing F-wave studies, blink reflex, and elec- 
tromyography (EMG) of upper and lower 
extremities. We studied median motor, 
median sensory, and peroneal motor con- 
ductions and blink reflex latencies from 21 
patients in various combinations, bilater- 
ally in most, unilaterally in some. Com- 
pound muscle action potential and sensory 
wave action potential (SNAP) amplitudes 
were measured from baseline to negative 
peak following wrist and ankle stimula- 
tion. The remaining three patients had 


‘ulnar and tibial nerve stucies. There were 


36 median and peroneal and 42 facial 
nerves available for analysis. 
Therapeutic plasma exehanges were per- 
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formed on an alternate-day schedule by 
discontinuous-flow centrifugation (model- 
30 cell separate). Each procedure replaced 
one plasma volume with fluid consisting of 
equal volumes of 0.9% sodium chloride 
plus plasma protein fraction (Plasmanate). 
Plasma volumes were estimated using a 
nomogram based on patient height, 
weight, and hematocrit.” For patients 
treated before publication of the nomo- 
gram, plasma volume was computed by 
multiplying the estimated blood volume 
(70 mL/kg of body weight) times 1.0 minus 
the hematocrit expressed as a decimal. 
Twenty-four patients underwent at least 
three exchanges and were reviewed. Of the 
14 responders, three patients received 
three exchanges, three received four 
exchanges, and eight received five 
exchanges. Of the ten patients judged to be 
nonresponders, three exchanges were per- 
formed in two, four exchanges in three, 
five exchanges in three, six exchanges in 


one, and ten exchanges in the last 


patient. 

Continuous variables were analyzed 
using a ¢ test for independent observations 
and a repeated measures analysis of vari- 
ance for paired observations, ie, electro- 
physiologic variables obtained from ho- 
mologous sides in the same patient. The x? 
and Fisher's exact tests were conducted on 
the categorical variables. The two-sample 
Wilcoxon rank sum test was used in com- 
paring clinical outcome at one month. 


RESULTS 


The outcome of 24 patients treated 
with plasma exchange for the recent 
onset of GBS fell into two distinct 
groups. Plasma exchange led to 
marked improvement in 14 patients 
(5875), whereas ten patients (42%) 
showed no significant change at one 
month. Among the responders, im- 
provement occurred within two weeks 
in ten patients. 

Patient characteristics were com- 
pared in both groups to search for 
clues that might be helpful in predict- 
ing an early response to PE (Table 1). 
At the institution of PE, the only 
significant clinical difference between 
the groups was age (P « .01). The age 
of the responder group ranged from 14 
to 49 years, compared with 15 to 81 
years in the nonresponders (Fig 1). 
The apparent predominance of male 
nonresponders was not significant 
(P < .07), nor was preceding illness, 
initial symptoms, cranial nerve 
involvement, and cerebrospinal fluid 
findings. Since only severely affected 
patients were treated with PE, the 
initial disability grade was closely 
matched in both groups. The mean 
duration of illness before the initia- 
tion of PE was similar, although the 
median duration was actually shorter 
in nonresponders—8.5 days compared 
with 15 days in responders. 

In each case, electrophysiologic 
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Age, yt 
Mean 


Range 


Time from onset to PE. d 
Mean 


Range 


Initial disability grade (mean + SD) 


Preceding illness 
URI 


D&V 
UTI 
Surgery 
Other 
None 


Initial symptoms 
Sensory disturbances 


Weakness 
Pain 
Cranial nerve involvement 


Laboratory data (mean + SD) 
Absolute blood lymphocyte 
count / mm? (X 109 /L) 


CSF white cells / mm? (x 108/L) 
CSF proteir, mg/dL (g/L) 





Table 1.—Clinical Characteristics in Patient Groups * 


Characteristic Responders (n — 14) Nonresponders (n — 10) 
Sex (M:F ratio) Tr 9:1 





2300 + 1100 (2.3 + 1.1) 
1.3 + 1.0 
124 + 74 (1.24 + 0.74) 













26 52 
14-49 15-81 
17.5 15 
7-39 4-60 
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2100 + 1100 (2.1 + 1.1) 
1.9 + 2.0 
150 + 128 (1.5 + 1.28) 












*PE indicates plasmapheresis; URI, upper respiratory tract infection; D & V, diarrhea and vomiting; UTI, 


urinary tract infection; and CSF, cerebrospinal fluid. 


TP «€ .01. 


studies were consistent with the diag- 
nosis of GBS (Table 2). In both groups, 
amplitudes of the motor and sensory 
response were reduced, and distal 
latencies of median and peroneal 
nerves were prolonged. Conduction 
velocities were only mildly reduced 
but were within normal limits, except 
for peroneal conduction velocity in the 
nonresponder group. F waves were 
unelicitable in the majority of cases. 
Latency of the motor response on 
stimulation of the facial nerve and 
latency of the R1 response of the blink 
reflex were prolonged in both groups. 
Finally, four cases in each group 
showed evidence of denervation on 
EMG. 

While most electrophysiologic pa- 
rameters showed a trend toward 
greater abnormalizy in nonrespond- 
ers, only the amplitude of the CMAPs 
following distal stimulation of median 
and peroneal nerves showed signifi- 
cant differences (Fig 2). The nonre- 
sponder group had a significantly 
smaller amplitude of the CMAPs with 
median nerve stimulation at the wrist 
or peroneal nerve stimulation at the 
ankle. These low-amplitude CMAPs 
could reflect either a distal conduction 
block from demyelination between the 
site of stimulation and the innerva- 
tion zone and/or axonal degeneration. 
Two other parameters, median senso- 
ry latency with distal stimulation and 





Nonresponders 


Responders 


Fig 1.—Age at onset of symptoms as function 
of response to plasma exchange. Horizontal 
lines indicate mean values in each group 
(P < .01). 


peroneal conduction velocity, were 
noted to be different but were statisti- 
cally less conclusive. The median sen- 
sory latency with distal stimulation 
was prolonged and more frequently 
absent in nonresponders. Peroneal 
conduction was also significantly 
slower, although the difficulty in 
accurately determining conduction 
velocity in the presence of very-low- 
amplitude CMAPs might have con- 
tributed to this finding. Both of these 
alterations reflect a greater degree of 
peripheral nerve involvement in the 
nonresponder group. 

Despite similar clinieal severity at 
the onset of PE, the two groups had a 


Plasma Exchange—Gruener et al 



























Table 2.—Electrophysiologic Studies * 


Study 
Median mctcr 
CMAP =mølitud with wrist stimulation, mVt 


Latency wrth west stimulation, ms 
NCV, @ibow'to wrist, m/s 
Absen: F waves 
Median nsory 
SNAP amplitude with wrist stimulation, nV 
Absem SNEP 
Latenay with west stimulation, mst 
NCV, pam to fieger, m/s 


Peronea motor 
CMAP*amptitud® with ankle stimulation, mV 


Absem CMAP 
Latenoy with ar«le stimulation, ms 
NCV, hnee to amkle, m/s 
Absem F waves 
Facial nerwe^ 
Latenay with di-ct stimulation, ms 
Blink refie»—R 1 I-tency, ms 
Denervatton on EMG, in No. of patients 





Present 


Responders Nonresponders 


(n = 19) (n = 17) Control Values 
3.8 + 2.6 19 11 7.0 + 3.0 (3.5) 
0:2 £ 2:6 5.9 + 1.5 3.5 + 0.3 (4.2) 
52.7 + 13.0 46.0 + 9.2 58.0 + 5.0 (48) 
10 17 
27.1 € 16.7 20.6 + 9.8 38.0 + 16.0 (20) 
4 , Jd 
2.8 + 0.4 4.0 + 1.1 2.8 + 0.3 (3.8) 
68.3 + 17.2 49.5 + 15.2 59.0 + 6.0 (47) 
2.9 + 1.9 1.3 +.0.9 5.1 * 2.3 (2.5) 
0 2 v 
7.9 + 4.0 7.3 = 2.9 3.8 + 0.9 (5.5) 
44.1 + 8.3 37.0 + 6.6 48.0 + 4.0 (40) 
15 16 
24 18 - 
4.5 t 1.2 3.9 t 1.3 2.9 + 0.4 (4.0) 
+ = + 0.8 (12.6) 


* Values semean + SD except for parenthetical control values, which indicate the upper limit of normal for 
atencies or the lowe limit of normal for amplitude or nerve conduction velocity (NCV). CMAP indicates 
sompound muscis aceon potential; SNAP, sensory nerve action potential; and EMG, electromyography. 


tP < .O2€ 
iP < .04E. 


SNumber »( nervesstested from 12 responders and nine nonresponders. 


Median Nerve 


O Responders 
€ Nonresponders 


CMAP Amplitude, mV 


Peroneal Nerve 





Fig 2.—Respense to plasma exchange as function of amplitude of compound muscle action 
potentials [CMAPS after distal stimulation of median and peroneal nerves. Horizontal lines 
indicate lower limit of normal in controls; NR, no CMAP was elicitable. 


distinctly diffe-ent clinical outcome 
at one month (“able 3). According to 
our inidal definition, responders 
improvec by mere than two disability 
grades, but improvement was much 
less tham cre grade in nonresponders. 
The two groups also showed signifi- 
cant differences in the length of hos- 
pitalization, ane in necessity of artifi- 
cial ressiratioa and its duration. 
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Finally, at the time of discharge, more 
responders (75% ) returned home than 
nonresponders (48% ). 

There was no mortality in the 
responder group. Three deaths in the 
nonresponder group included an 81- 
year-old man and a 63-year-old man 
who died of myocardial infarctions 
ten and eight days after PE, respec- 
tively. A 57-year-old man died of sep- 


sis while receiving assisted ventila- 
tion 30 days after PE. Relapses 
occurred in two responders. 


COMMENT 


While the effectiveness of PE in 
GBS has already been amply demon- 
strated,'*"*> our review is an attempt 
to identify factors predictive of an 
early beneficial response. Despite 
similar clinical severity and identical 
treatment, we were able to identify 
two groups among patients with GBS 
who differed in their early response to 
PE. Analysis of patient characteris- 
tics revealed that age and the pres- 
ence or absence of a distal conduction 
block correlated with outcome. Our 
results suggest that young individuals 
with relatively normal CMAPs had a 
greater effect from PE than had older 
patients who had _ low-amplitude 
CMAPs. 

That age may modify the response 
to PE can be deduced from several 
case reports describing favorable out- 
comes in mostly young patients, but 
this has not been studied systemati- 
cally.: No correlation between age 
and outcome is found in large patient 
series describing the natural history 
of GBS.» In fact, sequelae from the 
illness may be more common in young 
patients.? Age-related changes of the 
immune system are found in regulato- 
ry subpopulations of T cells, which 
may lead to aberrant immunoregula- 
tion.5 Age has further been shown to 
exert a modifying influence on the 
clinical expression of other autoim- 
mune diseases, such as systemic lupus 
erythematosus, both in its presenta- 
tion and its severity.” It seems likely 
that the immunologic pathways caus- 
ing the immune-mediated injury of 
the peripheral nervous system could 
be sufficiently altered in elderly 
patients with GBS to explain their 
reduced benefit from PE. The contri- 
butions from circulating antibodies”? 
and cell-mediated immunity to the 
pathogenesis of GBS and a modifying 
influence of advancing age on these 
pathways deserve further study. 

Early initiation of PE may be 
important in ensuring a beneficial 
response since patients with disease 
duration under one week show a 
greater benefit from treatment." 
However, our evaluation of the length 
of illness before PE showed no signif- 
icant difference between responders 
and nonresponders. The median dura- 
tion of illness was actually shorter— 
less than ten days—in nonresponders. 
This lack of correlation between dura- 
tion of illness and effect from PE in 
our study might be explained by the 
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Table 3.— Outcome at One Month 


Outcome 
Initial disability grade (mean + SD) 





Duration of hospitalization, d (mean + SD)f 


Change in disability grade at one month (mean + SD)* 


Responders Nonresponders 
(n = 14) (n — 10) 
4.1 + 0.7 4.2 + 0.4 





—2.1 = 0.4 
19.0 — 6.0 


—-D2 + 0% 
40.0 + 22.0 





Discharge status, No. of patients 
Home 


Care facility 





* *P<.0001. 


tP < .05. 


tOne patient died after transfer to a care facility. 


fact that the majority of patients 
were treated after one week of onset, 
which could have obscured a potential 
benefit from earlier treatment. On the 
other hand, the timing of PE may not 
be of critical importance since non- 
responders tended to receive PE 
earlier. 

The electrophysiologic data are con- 
cordant with previous observations in 
GBS.*** The low-amplitude CMAPs, 
as seen in our nonresponders, has 
been previously correlated with an 
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unfavorable clinical recovery and 
served as a predictor of later denerva- 
tion in GBS.” A distal conduction 
block or axonal degeneration or possi- 
bly a combination of both appears to 
be responsible for this finding. The 
absence of significant denervation in 
the nonresponder group is explained 
by the timing of EMG examinations, 
which were performed within two 
weeks of onset. Denervation does not 
begin to appear until two to five weeks 
following the onset of symptoms but 
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is the main cause of lasting disability 
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predictor of poor prognosis in other 
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predicting the effect of PE. Since PE 
is usually begun before denervation 
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In conclusion, we have identified 
responders and nonresponders to PE 
among severely affected patients with 
GBS. Young age and near-normal 
CMAP amplitudes following distal 
stimulation correlated with an early 
beneficial response. Whether PE 
should be restricted to patients with 
favorable predictive factors or 
avoided in those who fall into a poor 
prognostic group needs further study. 
Until our findings can be confirmed in 
large patient series, treatment deci- 
sions should not be based on these 
preliminary predictive factors. 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 

INDICATIONS AND USAGE: Parkinson's Disease/Syndrome and Drug-Induced 
Extrapyramidal Reactions: SYMMETREL is indicated in the treatment of idiopathic 
Parkinson's disease (Paralysis Agitans), postencephalitic parkinsonism, drug-induced 
extrapyramidal reactions, and symptomatic parkinsonism which may follow injury tc 
the nervous system by carbon monoxide intoxication. It is indicated in those elderly 
patients believed to develop parkinsonism in association with cerebral arteriosclero- 
sis. In the treatment of Parkinson's disease, SYMMETREL is less effective than levo- 
dopa, (-)-3-(3, DOS ETT and its efficacy in comparison with the 





anticholinergic antiparkinson drugs has not yet been established. Although anticholin- 
ergic type side effects have been noted with SYMMETREL when used in patients with 
drug-induced extrapyramidal reactions, there is a lower incidence of these side effects 
than that observed with anticholinergic antiparkinson drugs. 

CONTRAINDICATIONS: SYMMETREL is contraindicated in patients with known 
hypersensitivity to the drug. 

WARNINGS: Patients with a history of epilepsy or other "seizures" should be observed 
closely for possible increased seizure activity. 

Patients with a history of congestive heart failure or peripheral edema should be 
followed closely as there are patients who developed congestive heart failure while 
receiving SYMMETREL. 

Patients with Parkinson's disease improving on SYMMETREL should resume normal 
activities gradually and cautiously, consistent with other medical considerations, such 
as the presence of osteoporosis or phlebothrombosis. 

Patients receiving SYMMETREL who note central nervous system effects or blurring 
of vision should be cautioned against driving or working in situations where alertness 
is important. 

PRECAUTIONS: SYMMETREL (amantadine hydrochloride) should not be discontin- 
ued abruptly since a few patients with Parkinson's disease experienced a parkinsonian 
crisis, i.e., a sudden marked clinical deterioration, when this medication was suddenly 
stopped. The dose of anticholinergic drugs or of SYMMETREL should be reduced if 
atropine-like effects appear when these drugs are used concurrently. 

The dose of SYMMETREL may need careful adjustment in patients with renal 
impairment, congestive heart failure, peripheral edema, or orthostatic hypotension. 
Since SYMMETREL is not metabolized ard is mainly excreted in the urine, it may 
accumulate when renal function is inadequate. 

Care should be exercised when administering SYMMETREL to patients with liver 
disease, a history of recurrent eczematoid rash, or to patients with psychosis or severe 
psychoneurosis not controlled by chemotherapeutic agents. Careful observation is 
required when SYMMETREL is administered concurrently with central nervous system 
stimulants. 

No long-term studies in animals have been performed to evaluate the carcinogenic 
potential of SYMMETREL. The mutagenic potential of the drug has not yet been 
determined in experimental systems. 

Pregnancy Category C: SYMMETREL (amantadine hydrochloride) has been shown 
to be embryotoxic and teratogenic in rats at 50 mg/kg/day, about 12 times the recom- 
mended human dose, but not at 37 mg/kg/day. Embryotoxic and teratogenic drug 
effects were not seen in rabbits which received up to 25 times the recommended 
human dose. There are no adequate and well-controlled studies in pregnant women 

SYMMETREL should be used during pregnancy only if the potential benefit justifies 
the potential risk to the embryo or the fetus. 

Nursing Mothers: SYMMETREL is excreted in human milk. Caution should be 
exercised when SYMMETREL is administered to a nursing woman. 

Pediatric Use: The safety and efficacy of SYMMETREL in newborn infants, and 
infants below the age of 1 year have not been established. 

ADVERSE REACTIONS: The most frequently occurring serious adverse reactions are: 
depression, congestive heart failure, orthostatic hypotensive episodes, psychosis, 
and urinary retention. Rarely convulsions, leukopenia, and neutropenia have been 
reported. 

Other adverse reactions of a less serious nature which have been observed are the 
following: hallucinations, confusion, anxiety; irritability; anorexia. nausea, and consti- 
pation; ataxia and dizziness (lightheadedness); livedo reticularis and peripheral 
edema. Adverse reactions observed less frequently are the following: vomiting; dry 
mouth; headache; dyspnea; fatigue, insomnia, and a sense of weakness. Infrequently, 
skin rash, slurred speech, and visual disturbances have been observed. Rarely 
eczematoid dermatitis and oculogyric episodes have been reported. 

DOSAGE AND ADMINISTRATION: Adult Dosage for Parkinsonism: The usual dose 
of SYMMETREL (amantadine hydrochloride) is 100 mg twice a day when used alone. 
SYMMETREL has an onset of action usually within 48 hours. 

The initial dose of SYMMETREL is 100 mg daily for patients with serious associatec 
medical illnesses or who are receiving high doses of other antiparkinson drugs. After 
one to several weeks at 100 mg once daily, the dose may be increased to 100 mg twice 
daily, if necessary. 

Occasionally, patients whose responses are not optimal with SYMMETREL at 200 mg 
daily may benefit from an increase up to 400 mg daily in divided doses. However, such 
patients should be supervised closely by their physicians. 

Patients initially deriving benefit from SYMMETREL not uncommonly experience a 
fall-off of effectiveness after a few months. Benefit may be regained by increasing the 
dose to 300 mg daily. Alternatively, temporary discontinuation of, SYMMETREL for 
several weeks, followed by reinitiation of the drug, may result in regaining benefit in 
some patients. A decision to use other antiparkinson drugs may be necessary 

for Concomitant Therapy: Some patients who do not respond to anti- 
cholinergic antiparkinson drugs may respond to SYMMETREL. When SYMMETREL or 
anticholinergic antiparkinson drugs are each used with marginal benefit, concomitant 
use may produce additional benefit. 

When SYMMETREL and levodopa are initiated concurrently, the patient can exhibit 
rapid therapeutic benefits. SYMMETREL should be held constant at 100 mg daily or 
twice daily while the daily dose of levodopa is gradually increased to optima! benefit. 

When SYMMETREL is added to optimal well-tolerated doses of levodopa, additional 
benefit may result, including smoothing out the fluctuations in improvement which 
sometimes occur in patients on levodopa alone. Patients who require a reduction in 
their usual dose of levodopa because of the development of side effects may possib y 
regain lost benefit with the addition of SYMMETREL. 

Dosage for Drug-Induced Extrapyramidal Reactions: Adult: The usual dose of 
SYMMETREL (amantadine hydrochloride) is 100 mg twice a day. Occasionally, patierts 
whose responses are not optimal with SYMMETREL at 200 mg daily may benefit from 
an increase up to 300 mg daily in divided doses. 
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Magnetic Resonance Imaging in Tuberous Sclerosis 


E. S. Roaca, MD; D. P. Williams, MD; D. W. Laster, MD 


e Twenty-five patients with tuberous 
sclerosis were-studied with magnetic res- 
onance imaging (MRI), and these findings 
were compared with those of computed 
cranial tomography (CCT) and with the 
clinical severity of the disease. Multiple 
high-signa MR! lesions involving the cere- 
bral corte» are characteristic of tuberous 
sclerosis and probably correspond to the 
hamartomas and gliotic areas seen patho- 
logically. These cortical lesions were only 
occasionally seen with CCT. The periven- 
tricular caicific lesions characteristic of 
tuberous sclerosis are better visualized 
with CCT than with MRI, but the larger 
periventricuier calcifications produce 
low-signal MRI abnormalities. Seven 
patients hac high-signal MRI lesions of the 
cerebellum; small calcific cerebellar 
lesions were also noted with CCT in three 
patients. As im earlier studies, no clear 
correlatior was seen between the number 
of abnormalities visible with CCT and the 
clinical severity of the disease. By con- 
trast, the mere severely affected patients 
tend to have ahigher number of cerebral 
cortical lesions detected with MRI. Thus, 
MRI may be useful in predicting the even- 
tual clinical severity of younger children 
with newly diagnosed tuberous sclero- 
sis. 

(Arch Neuro’ 1987;44:301-303) 
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uberous sclerosis is a disorder of 

cellular differentiation whose clin- 
ical manifestations result from ha- 
martomatous malformations, espe- 
cially of the skin, brain, heart, and 
kidneys. The dominant inheritance 
pattern of tuberous sclerosis has long 
been appreciated, although spontane- 
ous mutations appear to be common 
and variable penetrance is observed. 
Epileptic seizures and mental retar- 
dation, the most common neurologic 
manifestations of tuberous sclerosis, 
have been attributed to cerebral corti- 
cal malformations.! 

The characteristic computed crani- 
al tomographic (CCT) feature of 
tuberous sclerosis is multiple calcified 
nodules that are adjacent to the 
ventricular system and are often asso- 
ciated with mild to moderate ventric- 
ular dilatation? Less commonly, 
calcified lesions are noted on CCT in 
the superficial brain parenchyma? or 
cerebellum,’ and low-density lesions 
of the cerebral hemisphere have been 
reported.$ Previous reports have 
noted no correlation between the 
severity of clinical neurologic involve- 
ment with tuberous sclerosis and the 
CCT appearance.?? 

The lack of ionizing radiation or 
need for intravenous contrast agents 
make magnetic resonance imaging 
(MRI) ideal for the repeated examina- 
tions that are sometimes required in 
patients with tuberous sclerosis to 
rule out hydrocephalus or intracranial 
malignancy. However, the basic MRI 
characteristics of patients with tuber- 
ous sclerosis have not been well 
described. The purpose of this report 
is to define the brain appearance of 
tuberous sclerosis seen with MRI and 
to compare the MRI and CCT findings 
with the severity of neurologic distur- 
bance. 


PATIENTS AND METHODS 


After informed consent by the patient or 
parents, 25 patients with tuberous sclero- 
sis were studied wita MRI. In each case, a 
CCT scan obtained within two years of the 
MRI was also available for review. Two of 
the following three features were required 
for diagnosis: characteristic cutaneous 
lesions, positive family history of tuberous 
sclerosis, or typical periventricular calcifi- 
cations noted on CCT scans. Epileptic sei- 
zures were uniformly present and mental 
retardation was common, but neither was 
required for diagnosis. The age of the 
patients studied ranged from 9 months to 
38 years, with an average age of 10.1 
years. 

Magnetic resonaace imaging studies 
were performed on a resistive-magnet pro- 
totype imager (Picker 1000, Picker Inter- 
national) operated at a frequency of 6.4 
MHz with a magnetic field of 0.15 *esla 
(1500 gauss). A 30-cm aperture was used. 
Spin-echo imaging was performed in three 
planes: axial (3000-ms repetition time [TR] 
and 80-ms echo-delzy time [TE]), coronal 
(1000-ms TR and 80-ms TE), and sagittal 
(450-ms TR and 30-ms TE). Inversion 
recovery images were not obtained. Axial 
scans consisted of 16 contiguous 1-cm 
slices, coronal scans were eight contiguous 
l-cm slices, and sagittal scans were four 
contiguous 1-cm slices. Images were gener- 
ated by filtered-back projection of two- 
dimensional Fourie- transforms with a 
256 X 256 matrix. 

Chloral hydrate (50 to 100 mg/kg) was 
frequently required to prevent motion arti- 
facts. The CCT scans were performed on a 
variety of scanners from several institu- 
tions. Both the MRIs and CCT scans were 
reviewed by one of the authors not familiar 
with the patient's clinical details. The 
number, location, and characteristies of 
the lesions were recorded for both MRIs 
and CCT scans and were later compared 
with estimates of seizure frequency and 
development. In patients with numerous 
cortical lesions, it was sometimes difficult 
to be certain whether an abnormality seen 
on contiguous sections of the scan repre- 
sented one large lesion or partial volume 
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effect of two smaller lesions. Coronal views 
were useful in making this distinction, and 
any remaining doubtful lesions were 
counted only once. 

Each patient was examined and his fam- 
ily was interviewed by one of the authors. 
All patients were taking one or more anti- 
convulsant medications or a daily basis. 
Based on the family's estimates of the 
patient’s weekly seizure frequency, the 
patient's seizure control was classified as 
good (no seizures on medication), fair (two 
or fewer seizures per week), or poor (great- 
er than two seizures per week). Depending 
on the patient's age, the examiner's esti- 
mates of development were based on a 
variety of factors including developmental 
milestones, school placement and perfor- 
mance, and, in some cases, the results of 





Fig 1.—Two spin-echo magnetic resonance images shown abcve are from one patient with psychological testing. Prior to review of 
tuberous sclerosis who had severe developmental delay and poorly controlled seizures. Only the patient's MRI, his developmental sta- 
one high-signal cortical lesion (arrowhead) was apparent with computed cranial tomography. tus was arbitrarily classified as good (nor- 
Coronal and sagittal views (not shown) reveal continuity of some lesions that appear as two mal or borderline function), intermediate, 
discrete lesions on single image. or severe delay (expected function reduced 





Fig 2.—Spin-echo magnetic response imaging (left and center) shows multiple high-signal cortical lesions. Right, Same 
patient's low-density cortical lesions are shown on computed cranial tomographic scan. Plane of computed cranial 
tomographic scan is angulated, while that of magnetic resonance image is more nearly horizontal. 





Fig 3.—Number of cortical lesions on spin- 
echo magnetic resonance image is shown for 
three categories of seizure control. All 
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patients with good seizure control had five or - 
12 fewer lesions, while all patients with ten or n 
" more lesions had poor seizure control. 10 
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five or fewer lesions, but developmental func- Normal/ intermediate Severe 
0 tion of patients with ten or more lesions was Borderline Delay Delay 
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by one half or more). One patient was ex- 
cluded fram «evelopmental analysis be- 
cause his severe developmental delay and 
poor seizure control seemed to date from 
an earlier ~emeval of a giant cell astrocyto- 
ma compieated by bilateral subdural 
hematoma amd loss cf neurologic func- 
tion. 


RESULTS 


The characteristic abnormality of 
tuberous scierosis neted on the spin- 
echo pulse sequence of MRI is multi- 
ple increased-signal lesions typically 
found in the cortical or subcortical 
region (Fig 1). One or more such 
lesions were found in 24 patients, 
while normal MRIs and CCT scans 
were noted in one patient with a posi- 
tive family history, typical cutaneous 
lesions, and seizures. High-signal MRI 
lesions adjacent to the ventricular 
system but not evident with CCT were 
seen in only four patients, all of whom 
also had other calcific periventricular 
lesions ooserved with CCT. Areas of 
diminished signal adjacent to the lat- 
eral ventmieles corresponding to the 
larger caleific lesions noted on CCT 
scans were noted on 17 MRIs, but the 
smaller caleific lesions apparent on 
CCT scams were not often noted on 
MRIs with the low magnetic field 
strength used in the present study. In 
four patients (Fig 2), low-density cor- 
tical lesiens were noted on CCT scans 
in the same region as high-signal MRI 
abnormalities. Increasing age did not 
correlate with the number and type of 
abnormalities on either CCT scans or 
MRIs. 

Seven patents had high-signal cer- 
ebellar iesiens observed on MRIs. 
Smal! caleifie cerebellar lesions were 
also noted on CCT scans in three of 
these sever patients. No brain-stem 
lesions were noted on either MRIs or 
CCT scars. 

As in earlier studies, no relation- 
ship eould be established between the 
CCT appearance and the clinical 
severity of the disease as determined 
by estimates of developmental func- 
tion and seizure frequency. In con- 
trast, the more severely affected 
patients send to have a larger number 
of cerebral cortical lesions demon- 
strated MRIs (Figs 3 and 4). Con- 
siderable variation was noted in the 
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clinical severity of patients with five 
or fewer cortical lesions, but five or 
fewer cortical lesions were present in 
all ten patients whose seizures were 
well controlled with anticonvulsant 
therapy. All nine patients who had 
ten or more cortical lesions had both 
severe developmental delay and poor- 
ly controlled seizures. 


COMMENT 


The typical MRI abnormality of 
tuberous sclerosis is a high-signal 
lesion involving the cerebral cortex, 
probably corresponding to the cortical 
hamartomas noted  pathologically. 
Similar high-signal MRI lesions were 
noted in one previously described 
patient, a 17-month-old child with 
tuberous sclerosis who also had car- 
diogenic cerebral emboli.’ Low-densi- 
ty lesions of the cerebral hemispheres 
have been demonstrated on CCT scans 
in some patients? Murphy et al 
described low-density CCT cortical 
lesions in nine patients with tuberous 
sclerosis; in one patient, the lesion 
proved to be a hamartomatous mal- 
formation at surgery. In our own 
series, low-density CCT lesions were 
noted to correspond with the larger 
high-signal MRI abnormalities in four 
patients. The location and extent of 
the MRI lesions is similar to the corti- 
cal hamartomas noted pathologically, 
and one of the patients presented 
here, who died in status epilepticus in 
another city, reportedly had cortical 
hamartomas at autopsy (John Butts, 
MD, oral communication, 1986). 

Cerebellar lesions in patients with 
tuberous sclerosis have been only 
rarely described. Small calcific cere- 
bellar lesions were noted with CCT in 
three of our 25 patients, and seven 
patients had high-signal cerebellar 
lesions that were observed with MRI. 
No specific clinical signs of cerebellar 
dysfunction were noted in any of these 
patients. Nevertheless, the presence 
of cerebellar lesions in tuberous scle- 
rosis appears to be more common than 
previously suspected. 

Small periventricular calcifications 
diagnostie of tuberous sclerosis with 
CCT may not be imaged with MRI, 
although larger periventricular calci- 
fieations produced low-signal MRI 


References 


ous sclerosis: A clinicoradiological evaluation of 
110 cases with particular reference to atypical 
presentation. Neuroradiology 1986;28:38-46. 

4. Schafer JA, Berg BO, Norman D: Cerebellar 
calcification in tuberous sclerosis. Arch Neurol 
1975;32:642-643. 

5. Garrick R, Gomez MR, Houser OW: Demye- 
lination of the brain in tuberous sclerosis: Com- 
puted tomography evidence. Mayo Clin Proc 


abnormalities and four patients had 
high-signal periventricular MRI le- 
sions. Since completion of this study, 
a higher field-strength MR imager 
has been installed, which we believe 
will better demonstrate smaller peri- 
ventricular lesions. 

As in earlier studies, we found no 
clear correlation between the number 
of CCT abnormalities and the severity 
of neurologic disease resulting from 
tuberous sclerosis. However, patients 
with a large number of superficial 
cortical lesions demenstrated with 
MRI tend to have more severe devel- 
opmental delay and more difficulty 
with epileptic seizures. While we did 
not attempt to precisely quantify our 
patients’ level of intellectual function, 
we believe that our analysis of the 
patients’ development and education- 
al performance should at least be ade- 
quate to separate the patients into 
three broad functional categories. 
Likewise, we were dependent on the 
estimated seizure frequency offered 
by the patient’s family. Since the most 
pronounced abnormalities demon- 
strated with MRI in tuberous sclerosis 
patients affect the cerebral cortex, it 
is not surprising that patients with 
more such cortical lesions would have 
more difficulty. 

In conclusion, the typical spin-echo 
MRI lesion of tuberous sclerosis is a 
high-signal abnormality involving the 
cerebral cortex. The larger periventri- 
cular calcific lesions noted on CCT 
scans can be seen as an area of damp- 
ened signal on MRIs, but smaller cal- 
cific lesions are better visualized with 
CCT. While the CCT appearance does 
not correlate with the clinical severity 
of tuberous sclerosis, the increasing 
number of cortical lesions demon- 
strated with MRI seems to increase 
the likelihood of severe neurologic 
dysfunction. Further studies will be 
required to determine whether MRI 
will be helpful in the evaluation of 
asymptomatic carriers of tuberous 
sclerosis for the purpose of genetic 
counseling. However, MRI may be 
useful in predicting the eventual clini- 
cal severity of younger children with 
newly diagnosed tuberous sclerosis. 
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Global Aphasia Without Hemiparesis 


Daniel Tranel, PhD; José Biller, MD; Hanna Damasio, MD; 
Harold P. Adams, Jr, MD; Steven H. Cornell, MD 


€ Three patients acutely developed 
global aphasia, but did not manifest the 
typical accompanying right hemiparesis. 
Computed tomography and magnetic res- 
onance imaging studies demonstrated 
that the patients had two discrete left 
hemisphere lesions, one in the anterior 
language cortices or language-related 
subcortical areas, and one in the posteri- 
or language cortices. Cerebral angiogra- 
phy showed that two patients had com- 
plete occlusion of the left internal carotid 
artery, and the third had an intraluminal 
"clot" in the supraclinoid portion of the 
left internal carotid, findings suggestive 
of an embolic etiology. Our cases indicate 
that global aphasia without hemiparesis 
predicts two discrete lesions and a partic- 
ularly good recovery of speech and lan- 
guage. 

(Arch Neurol 1987;44:304-308) 


(poral aphasia is characterized by 

severe impairment of speech pro- 
duction, auditory comprehension, and 
repetition. Hemiplegia is considered 
to be an almost constant component of 
the clinical presentation. The pres- 
ence of global aphasia is indicative of 
a large lesion in the left perisylvian 
and basal ganglia regions, an assump- 
tion supported by most studies for 
which anatomical data are available. 
Furthermore, the severity of global 
aphasia and the size of lesion in these 
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locations are strongly associated.^: 
Recently, however, it has been noted 
that global aphasia can be associated 
with large lesions confined to prero- 
landic language areas.** Finally, glob- 
al aphasia may even result from two 
discrete lesions, one affecting the 
anterior and the other involving the 
posterior left language areas. Van 
Horn and Hawes described three 
patients who developed global aphasia 
without hemiparesis, and suggested 
that this presentation was indicative 
of “embolic encephalopathy.” We 
recently studied three patients who 
acutely developed global aphasia 
without hemiparesis as a result of 
cerebral infarctions. These patients 
were examined in both acute and 
chronic stages. Our findings support 
the conclusions that global aphasia 
without hemiparesis predicts two dis- 
crete left hemisphere lesions; predicts 
an unusually good recovery of speech 
and language; and may be an indica- 
tor of an embolic etiology. 


PATIENTS AND METHODS 


We evaluated three patients who, as a 
result of cerebral infarctions, developed 
global aphasia without hemiparesis. Two 
patients had computed tomography (CT) 
and neuropsychologic evaluation both in 
the acute phase (within 14 days of onset), 
and in the chronic phase (between three 
and ten months after onset), and the third 
patient received these studies acutely and 
again five weeks after onset. Magnetic 
resonance imaging (MRI) was also 
obtained for all patients. Cerebral angiog- 
raphy was performed during the acute 
phase of the illness. 

Computed tomography was obtained 
with a fourth generation scanner (Picker 
1200 Sinerview). Transverse slices of 8 mm 
thickness were obtained. Magnetic reso- 
nance imaging was obtained using a scan- 
ner (Picker 0.5 Tesla Superconducting 
Magnetic Resonance Scanner). Anatomical 


localization was obtained by analysis of CT 
and MRI according to the standard proce- 
dures of the Division of Behavioral 
Neurology’s Neuroimaging Laboratory, 
University of Iowa, Iowa City. Patient 
identification in the films was masked. 
Investigators blind to the patients’ behav- 
ioral status selected the appropriate tem- 
plate system for plotting the abnormal 
images and charted the position of those 
images on a standard template protocol." 
A transparency containing the boundaries 
of neural units of interest, in both gray- 
and white-matter structures, was then 
superimposed on the chart. Damage was 
assigned to the units that contained the 
abnormal images. 

A complete neuropsychologic evaluation 
included assessment of intellectual func- 
tioning (Wechsler Adult Intelligence 
Scale—Revised), verbal and visual memo- 
ry, perception, and orientation. Testing 
was conducted over several short sessions, 
commensurate with the patients’ ability to 
cooperate and attend. Some tests were 
omitted or truncated, as necessitated by 
the patients’ condition. Speech and lan- 
guage were assessed with the Multilingual 
Aphasia Examination” and the Boston 
Diagnostic Aphasia Examination." Em- 
phasis was placed on the most salient 
parameters of speech and language, 
including fluency, articulation, naming, 
repetition, comprehension, and reading 
and writing. 


REPORT OF CASES 


Case 1.—After an evening of heavy alco- 
hol consumption and subsecuent vomiting, 
a 37-year-old right-handed man suddenly 
became unable to speak, except for saying 
“yes” and “goddamn.” He complained of 
“numbness” of the right side of the face. 
Neurologic examination showed a discrete 
right facial weakness and a minimal right 
pronator drift (both of which resolved 
completely by the third day after onset). 
Strength was otherwise normal. Tendon 
reflexes were slightly brisker in the right 
upper extremity. Plantar responses were 
normal. Computed tomography showed 
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asymmetry « the lateral ventricles, but no 
focal area of abnormal attenuation was 
s»en. Angiography demonstrated an intra- 
lumina! filling defect in the supraclinoid 
portion of the eft internal carotid artery. 

During the next three days, the patient 
vas noted toutter only a few poorly artic- 
ulated words. Comprehension of conversa- 
t. onal speech was restricted to very simple 
commands. He could not name, repeat, 
read, or write Six days after onset, CT 
with contrast enhancement showed two 
well-defined areas of infarction in the left 
hemisphere, ome anterior (frontal lobe) 
and one posterior (parietal lobe). The ante- 
rior lesion involved the most superior part 
o? the frontal operculum (area 44), and 
extended inte tne premotor region immedi- 
ately above area 6). The posterior lesion 
involved par? ef the supramarginal gyrus 
(area 40), as wal as the inferior part of the 
superior parietal lobule (areas 7 and 5). It 
extended infemorly to involve the most 
posterior portien of the superior temporal 
gyrus (posterior area 22). 

Comprehers»we neuropsychologic evalu- 
aon was competed within two weeks of 
the ictus. The patient continued to have 
severely nonftuent speech. He had virtual- 
ly no spontzneeus speech production. In 
response to questions, he attempted to 
communicate Blowever, utterances were 
restricted to 2 few grunts and to one or two 
unintelligible phonemes. He was unable to 
name in either the visual, auditory, or 
tactile modalitees. Repetition was not pos- 
sible. He coule follow simple commands 
and showed seme preservation of aural and 
reading comprenension of simple words 
and short phrases; however, aural and 
reading comprehension of more complex 
material was severely defective. He was 
severely agrapliic, and had gestural aprax- 
ic. Nonverba! abilities, such as visual per- 
ception and two- and three-dimensional Fig 1.— Magnetic resonance imaging scan of patient 1 obtained five months after onset with 
censtructional praxis, were normal. T2-weighted image. Note two distinct areas of increased signal in left hemisphere. 

Magnetic sesenance imaging obtained 
five months after onset showed two dis- 
crete lesions im the left hemisphere, in the 
same locatioms zs described before (Fig 1). 
































At this time. “ellow-up neuropsychologic Patient 1 Patient 2 

evaluation revealed remarkable recovery s EPUM MIT Ee ae 

07 speech anc language (Table). His speech Characteristic Chronic Chronic 

remained slixhtly effortful, but he pro- Severely Fluent, Severely Essentially 
r duced sentemces of normal length, and nonfluent; nonparaphasic nonfluent; fluent with 

there were ro paraphasias. As shown in reduced two occasional 

Table, nearly ail formal linguistic func- to "yes" profanities paraphasias 

tions had improved to the normal range. anda 

Case 2.—A 52-year-eld right-handed profanity 

man suddenly developed right-sided focal Language | | 

seizures and an inability to speak. On Naming 2/90 39/99 

admission to the hospital, he was alert and Sentence — 1/14 12/14 

oriented. He 1:3 not produce any intelligi- fepetition 

ble speech, bet answered questions by nod- Aural a? 8/18 18/18 

ding. He was able to follow a few very See cen ~ 

simple commands. He had mild right cen- Token test 5/44 33/44 

tral facial paresis, and slight pronator Readingt 4/10 9/10 2 

drift on the right. There were no other Writing * Severely Normal Severely Normal 

signs of moter weakness. Tendon reflexes defective defective 

were slightly »risker in the right upper Gestural praxis Severely Normal Moderately Normal 

extremity and right knee. Plantar defective defective 

responses were normal. He had frequent Controlled oral 0% 22% Severely Moderately 
4 episodes of rigt facial twitching. By the word — . defective defective 
* seventh day after onset, the facial weak- association 

ness and pronator lrift had disappeared. * Multilingual Aphasia Examination. 

Computed temographic scans obtained tBoston Diagnostic Aphasia Examination. 
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Fig 2.—Magnetic resonance imaging scan of patient 2 obtained two days after onset with 
T2-weighted image. Note two distinct areas of increased signa! in left hemisphere. 


the day of onset showed a lesion in the 
parietal region, and an ill-defined area of 
possible infarct in the left frontal lobe. 
Electroencephalography demonstrated 
rare, left frontal high amplitude and 
rhythmic delta paroxysms. Cerebral angi- 
ography showed complete occlusion at the 
origin of the left internal carotid and a 
small residual stump. The left middle cere- 
bral artery filled through retrograde flow 
from the ophthalmic artery. It did not 
receive collateral flow from the right inter- 
nal carotid or from the posterior circula- 
tion. 

Magnetic resonance imaging performed 
at this time showed two discrete lesions in 
the left hemisphere (Fig 2). A frontal-lobe 
lesion involved the most anterior and supe- 
rior portion of the frontal operculum (area 
45 and white matter undercutting area 44), 
and extended into prefrontal areas 46 and 
9. The other lesion was in the parietal lobe, 
and involved the inferior and posterior 
portions of the inferior parietal lobule 
(areas 40 and 39). 

Laboratory evaluation of speech and lan- 
guage was started the day after the event, 
and continued for several days. It revealed 
severe impairments in nearly all aspects of 
speech and language. Spontaneous speech 
was limited to only two words, both pro- 
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fanities. Even these were uttered with 
extreme effort and frequent initial stutter- 
ing. The patient could not name or repeat. 
He had severe alexia and agraphia, and 
gestural apraxia of the right arm. Compre- 
hension was limited to very simple, one- 
step commands (eg, “make a fist"). He also 
showed constructional apraxia and im- 
paired right-left discrimination. Visual 
perception was relatively intact. He 
improved slightly curing the first week in 
the hospital, the most notable recovery 
taking place in the domain of comprehen- 
sion of conversational speech. _ 

Follow-up neuropsychologic evaluation 
ten months after the stroke showed excel- 
lent recovery of speech and language (Ta- 
ble). He had occasional pauses and word- 
finding difficulties in spontaneous speech, 
but formal linguistic assessment demon- 
strated normal or near-normal levels of 
performance in most areas tested. Com- 
puted tomography performed at this time 
showed a well-defined frontal lobe lesion 
in the same area as described before, but 
extending higher into prefrontal regions in 
the dorsolateral sector (areas 9 and 8). The 
parietal lobe lesion was visible as an area 
of atrophy in the inferior parietal lobule 
(areas 40 and 39). 


CasE 3.—A 5l-year-old right-handed 


man had a long history of poorly controlled 
arterial hypertension and severe cerebral 
vascular disease. Accerding to relatives, he 
began to evidence changes in behavior and 
mental status three years previously, with 
a gradual diminutien of activities and 
mental acuity, and eventual retirement. 
from work. In retrospect, these changes 
probably reflect the cumulative effect of 
multiple ischemic events; however, at no 
time did he show evidence of focal motor or 
sensory deficits. He then developed an 
acute onset of difficulty speaking, which 
prompted admission to our service. 

On admission, he showed severe global 
aphasia. The remainder of the neurologic 
examination was normal. Computed 
tomography performed three days after 
onset showed multiple infarcts located in 
the left posterior temporoparietal region, 
left basal ganglia, left prefrontal region, 
right corona radiata, and right posterior 
infracalearine area. These lesions were 
also seen on MRI obtained the same day. 

Cerebral angiography performed five 
days after the onset of symptoms showed 
complete occlusion of the left internal 
carotid artery. The left middle cerebral 
artery filled through the ophthalmic col- 
laterals. Branch occlusions of the angular 
and posterior parietal branches of the left 
middle cerebral artery were also noted. 

Neuropsychologic testing was conducted 
ten days after admission. His speech was 
severely nonfluent, and he showed pro- 
found deficits in most aspects of linguistic 
functioning. He did produce some short 
utterances of two or three words. These 
contained paraphasic errors, but no signif- 
icant articulatory disturbance. Naming 
and repetition were not possible. He 
showed marked impairment of aural and 
reading comprehension, even for simple 
material such as single words and short 
phrases. He was agraphie, with frequent 
paragraphic errors especially when copy- 
ing written text. 

Five weeks later, he showed slightly 
improved speech fluency. He produced 
longer utterances with frequent paraphas- 
ic errors, but continued to have little suc- 
cess in naming, repetition of short sen- 
tences, or comprehension of verbal materi- 
al. Also, he showed moderate compromises 
in areas of nonverbal, visuospatial cogni- 
tive functioning. These deñcits, less severe 
than those in the verbal sphere, were inter- 
preted as due to the right hemisphere 
lesions. 

Computed tomography performed at 
this time showed three cistinct areas of 
infaret in the left hemisphere (Fig 3). One 
was in the dorsolateral prefrontal cortex 
(areas 46, 9, 8). Another was in the basal 
ganglia, and involved the head of the cau- 
date nucleus, part of the anterior limb of 
the internal capsule, and the paraventricu- 
lar white matter. The third was in the 
posterior portion of the superior temporal 
gyrus (posterior area 22 and 37) and the 
inferior parietal lobule (areas 40 and 39). 

A neuropsychologie follow-up examina- 
tion was performed four months after the 
initial event. His speech at this time was 
essentially fluent, although there were fre- 
quent pauses and hesitations. Paraphasias 
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were commem especially in spontaneous 
speech amd naming tasks. He remained 
unable to name (nearly all paraphasic 
responses or repeat, but aural and reading 
comprehension were significantly im- 
proved. “here were also very significant 
improvements in gestural and construc- 
tienal praxis. Although nearly all of his 
scores continued to fall in the “impaired” 
range, he generally showed a very good 
profile of reeavery of verbal communica- 
tien abilities, relative to the severe global 
aphasia he manifested acutely. 


COMMENT 


Our patients acutely developed a 
syndrome of global aphasia without 
the expected hemiparesis, caused by 
cerebra! mfarction. The lesions asso- 
ciated with giobal aphasia can vary in 
both excent and location. There is, 
however a strong association between 
the typical clinical picture of global 
aphasia and involvement of the entire 
left perisylvian region. These lesions 
result frem a large infarction in the 
territory of the left middle cerebral 
artery. Þamage involves all or most of 
the areas known to be related to 
speech and language: the frontal oper- 
culum (areas 44 and 45), the posterior 
half of -3e superior temporal gyrus 
(areas 4.. 42, and posterior area 22), 
the posterier region of the middle and 
inferior temporal gyri (area 37), the 
supramarginal and angular gyri (ar- 
eas 40 ard 39), and deep structures, 
including the basal ganglia and insu- 
la. Commonlz, damage involves part 
of the motor cortices, or the subcorti- 
cal white matter where corticobulbar 
fibers cress, or both. Thus, global 
aphasia and right-sided motor deficits 
typically eceur together, although the 
latter may be relatively transient in a 
few cases. * 

Our cases, however, had two dis- 
crete lesions. One of these was in 
anterior language cortices or in the 
subcortical gray-matter areas known 
to be related to language dysfunc- 
tion,^'* and cne was in the posterior 
language cortices. The primary motor 
cortices were intact. A similar local- 
ization cf lesions in a case of global 
aphasia was noted previously in a 
description from this laboratory.’ 

The patholegical events that lead to 
such double and discrete areas of 
damage are ef special interest. Van 
Horn ard Hawes” described three 
patients who developed global aphasia 
without hemiparesis, all of whom had 
two separate lesions in the left hemi- 
sphere. The authors coneluded that 
this clinica! picture was indicative of 
an “embolic encephalopathy.” Our 
cases are also consistent with the 
notion of an embolic pathophysiology. 
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Fig 3.— Magnetic resonance imaging scan of patient 3 obtained five weeks after onset without 
contrast. Note three distinct areas of low density in left hemisphere. 


Two patients had complete occlusion 
of the left internal carotid artery, and 
the third had an intraluminal "clot" 
in the supraclinoid portion of the left 
internal carotid artery. 

A final point of importance is the 
issue of recovery. Poor recovery from 
global aphasia is a ubiquitous finding 
in extant research.*'?! A comparison 
between recoveries from different 
types of aphasia shows that patients 
with global aphasia invariably fare 
the poorest. 5^?! Sarno and Levita" 
noted that the greatest changes in the 
evolution of global aphasia may occur 
between the sixth and 12th months 
after onset. Nevertheless, these 
patients remained severely defective 
in communication skills 12 months 
after onset, and were still classified as 
global aphasics. Intensive speech 


therapy does not appear to signifi- 
cantly improve this poor recovery.'*”” 

In sharp contrast, the three cases 
described here showed very good 
recovery of speech and language. This 
was particularly evident in patients 1 
and 2, in whom speech became fluent, 
repetition became normal, and aural 
comprehension only showed deficits 
with complex material. Agraphia and 
gestural apraxia also resolved. Pa- 
tient 3 also improved substantially, 
although not as completely. By ten 
months after onset, none of the three 
patients continued to meet diagnostic 
criteria for global aphasia. Patients 1 
and 2 showed only minimal signs of 
residual aphasia, not sufficient to 
qualify for formal classification; 
patient 3 could be classified as having 
a residual Broca’s aphasia. 
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THIET: 


It is interesting to speculate as to 
the possible reasons for this unchar- 
acteristic recovery. A major differ- 
ence between our patients and the 
traditional patient with global apha- 
sia is the extent of involvement of 
language-related areas. Typically, as 
elaborated above, there is extensive 
destruction of most of the perisylvian 
and basal ganglia regions, including 
the frontal operculum, posterior supe- 
rior temporal gyrus, inferior parietal 
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lobule, insula, and motor cortices. 
However, our patients had only cir- 
cumscribed involvement of some of 
these areas. Thus, although the initial 
insults rendered these areas suffi- 
ciently dysfunctional to produce a pic- 
ture of global aphasia, the amount of 
undamaged language-related territo- 
ry probably allowed for this otherwise 
unusually complete recovery of speech 
and language. 

In short, the presentation of global 
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WAYS 
ABOUT 


No matter how many theories about the 
diagnosis and treatment of seizure 
disorders there may oe, certain facts 

are indisp te ble: 

Epilepsyis a serious, complex 
condition. The nature of the disorder 
requires indiwdualized, carefully titrated 
anticomvu:sant treatment for each patient. 
Furthermere successful control of the epileptic 
patient depends on the maintenance of 
therapeutic anticonvulsant activity, without which 
serious amd sometimes life-threatening 
breakthrough seizures can occur. Epilepsy, often 
a lifelong disorder, can best be treated with 
anticomvu:saats that the physician, pharmacist, 
and patient can trust. 


TEGRETOL.s a difficult 
product to tormulate. This is not 

unusual with anticonvulsants, e 
given previous experience with 











gretol « 








such products as phenytoin. Only marginally 
soluble, TEGRETOL forms a dihydrate when in 
contact with water. To prevent dihydrate from 
remaining in the tablet, manufacturing and storage 
conditions must be ideal. Otherwise, the drug 
might not disintegrate, thus impairing absorption 
and potentially hindering efficacy.’ 

Physicians, pharmacists, and patients prefer 
products they know and trust...and over the 
last two decades, TEGRETOL has earned that 
trust. Only TEGRETOL is backed by more than 20 
years of CIBA-GEIGY experience and over a 
million patient-years of therapeutic success. 


Available as 100-mg cherry/mint-flavored scored 
chewable tablets and 200-mg scored tablets for 


convenient dosing. 

TEGRETOL is indicated for children 

6 years and older and adults whose 
seizures are difficult to control and 
who are experiencing marked side 
effects from other antiepileptic drugs. 


NOTE: Because of the potential for 
serious adverse reactions, itis 


See following pezestfer complete Prescribing Information b i USP important you become thoroughly 
1. Stahl PH: The sæbiemsof drugunteractions with car amazepine 4 familiar with the Prescribing Informa- 


excipients. in Bemer DD (ed) Towards Better Safety 


tion for TEGRETOL on the following 


of Drues and PFamaceulical Preducts, New York. ...Decause there's no substitute for experience pages, especially the boxed warning 


Elsevier/North arc Biomedical Press, 
1980, pp 265-260 


CIBA-GEIGY 


318-7980-A © CIBA-GEIGY 1986 


concerning blood abnormalities and 
the necessity for repeated 
blood counts. 
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Tegretol 


carbamazepine USP 


...Decause after seizure control, 
theres alot of living to do! 


Tegretol* 
carbamazepine USP 
Chewable Tablets of 100 mg—red-speckled, pink Tablets of 200 mg—pink 





WARNING 
SERIOUS AND SOMETIMES FATAL ABNORMALITIES OF BLOOD CELLS 
(APLASTIC ANEMIA, AGRANULOCYTOSIS, THROMBOCYTOPENIA, AND 
LEUKOPENIA) HAVE BEEN REPORTED FOLLOWING TREATMENT WITH 
TEGRETOL, CARBAMAZEPINE. 

EARLY DETECTION OF HEMATOLOGIC CHANGE IS IMPORTANT SINCE. IN 
SOME PATIENTS, APLASTIC ANEMIA IS REVERSIBLE. 

COMPLETE PRETREATMENT BLOOD COUNTS, INCLUDING PLATELET 
AND POSSIBLY RETICULOCYTE AND SERUM IRON, SHOULD BE OB- 
TAINED. ANY SIGNIFICANT ABNORMALITIES SHOULD RULE OUT USE CF 
THE DRUG. THESE SAME TESTS SHOULD BE REPEATED AT FREQUENT 
INTERVALS, POSSIBLY WEEKLY, DURING THE FIRST THREE MONTHS OF 
THERAPY AND MONTHLY THEREAFTER FOR AT LEAST TWO TO THREE 
YEARS. THE DRUG SHOULD BE STOPPED IF ANY EVIDENCE OF BONE 
MARROW DEPRESSION DEVELOPS. 

PATIENTS SHOULD BE MADE AWARE OF THE EARLY TOXIC SIGNS AND 
SYMPTOMS OF A POTENTIAL HEMATOLOGIC PROBLEM, SUCH AS FEVER. 
SORE THROAT, ULCERS IN THE MOUTH, EASY BRUISING, PETECHIAL CR 
PURPURIC HEMORRHAGE, AND SHOULD BE ADVISED TO DISCONTINUE 
THE DRUG AND TO REPORT TO THE PHYSICIAN IMMEDIATELY IF ANY 
SUCH SIGNS OR SYMPTOMS APPEAR. 





















This drug is not a simple analgesic and should not be used for the relief of 
trivial aches or pains. Treatment of epilepsy should be restricted to those 
classifications listed under "INDICATIONS AND USAGE.” 

Before prescribing Tegretol, the physician should be thoroughly familiar 
with the details of this prescribing information, particularly regarding use 
with other drugs, especially those which accentuate toxicity potential. 
DESCRIPTION 
Tegretol, carbamazepine USP. is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral 
administration. Its chemical name is 5H-dibenz[b.fJazepine-5-carboxamide, and its 


structural formula is: 
OL JO 


] 
CONH; 


Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
soluble in alcohol and in acetone. Its molecular weight is 236.27. 

Inactive Ingredients. Colloidal silicon dioxide, FD&C Red No. 3 (chewable tablets:only), 
FD&C Red No. 40 (200 mg tablet only), flavoring (chewable tablets only), gelatin, alycer- 
in, Magnesium stearate, sodium starch glycolate (chewable tablets only), starch, stearic 
acid, and sucrose (chewable tablets only). 

CLINICAL PHARMACOLOGY 

In controlled clinical trials, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia. 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation. Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential 
and bulbar and polysynaptic reflexes, including the linguomandibular reflex in cats 
Tegretol is chemically unrelated to other anticonvulsants or other drugs used to control 
the pain of trigeminal neuralgia. The mechanism of action remains unknown. 

Tegretol tablets are adequately absorbed after oral administration at a slower rate 
than a solution, thus avoiding undesirably high peak concentrations. Tegretol in blood is 
76% bound to plasma proteins. Plasma levels of Tegretol are variable and may range 
from 0.5-25 ug/ml, with no apparent relationship to the daily intake of the drug. Usual 
adult therapeutic levels are between 4 and 12 ug/ml. Following oral administration, 
serum levels peak at 4 to 5 hours. The CSF ‘serum ratio is 0.22, similar to the 22% 
unbound Tegretol in serum. Because Tegretol may induce its own metabolism, the 
half-life is also variable. Initial half-life values range from 25-65 hours, with 12-17 heurs 
on repeated doses. Tegretol is metabolized in the liver. After oral administration cf 
^C-carbamazepine, 72% of the administered radioactivity was found in the urine and 
28% in the feces. This urinary radioactivity was composed largely of hydroxylated and 
conjugated metabolites, with only 3% of unchanged Tegretol. Transplacental passage of 
Tegretol is rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues, with 
higher levels found in liver and kidney than in brain and lungs. 

INDICATIONS AND USAGE 

Epilepsy: Tegretol is indicated for the following conditions in patients who have not 
responded satisfactorily to treatment with other agents such as phenytoin, phenobar- 
bital, or primidone: 

1. Partial seizures with complex symptomatology (psychomotor, temporal lobe). Pa- 
tients with these seizures appear to show greater improvement than those with other 
types. 
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2. Generalized tonic-clonic seizures (grand mal). 
3. Mixed seizure patterns which include the above, or other partial or generalized 
seizures. 

Absence seizures (petit mal) do not appear to be controlled by Tegretcl (see 
PRECAUTIONS General). 

Because of the necessity for frequent laboratory evaluation for potentially serious side 
effects, Tegretol is not recommended as the drug of first choice im seizure disorders. It 
should be reserved for patients whose seizures are difficult to control or patients experi- 
encing marked side effects (e.g., excessive sedation). 

‘Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated 
with true trigeminal neuralgia. 

Beneficial results have also been reported in glossopharynges! neuraigia. 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depres- 
Sion, hypersensitivity to the drug, or known sensitivity to any of the tricyciic compounds, 
Such as amitriptyline, desipramine, imipramine, protriptyline, nortriptyline, etc. Likewise, 
on theoretical grounds its use with monoamine oxidase inhibitors is nct recommended. 
Before administration of Tegretol, MAO inhibitors should be disccntinuec for a minimum 
of fourteen days, or longer if the clinical situation permits. 

WARNINGS 
The drug should be discontinued if evidence of significant bone marrow depression 
Occurs, as follows: 


1) Erythrocytes less than 4,000,000/cu mm 
Hematocrit less than 32% 
Hemoglobin less than 11 gm/100 ml 

2) Leukocytes less than 4000/cu mm 

3) Platelets less than 100,000/cu mm 

4) Reticulocytes less than 0.3% (20,000/cu mm) 


5) Serum iron greater than 150 .g/100 ml 

Patients with a history of adverse hematologic reaction to any drug may be particu- 
larly at risk. 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyells syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegretol. These reactions 
have been extremely rare. However, a few fatalities have been reported. 

Tegretol has shown mild anticholinergic activity; therefore, patients with increased 
intraocular pressure should be closelv observed during therapy. 

Because of the relationship of the drug to other tricyclic compounds. the possibility of 
activation of a latent psychosis and, in elderly patients, of confusion or agitation should 
be borne in mind. 

PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination should 
be made. 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associ- 
ated with increased frequency of generalized convulsions (see INDICATIONS AND 
USAGE). 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients 
with a history of cardiac, hepatic or renal damage, adverse hematologic reaction to 
other drugs, or interrupted courses of therapy with Tegretol. 

Information for Patients: Since dizziness and drowsiness may occur, patients should 
be cautioned about the hazards of operating machinery or automobiles or engaging in 
other potentially dangerous tasks. 

Laboratory Tests: Complete pretreatment blood counts, including platelets and pos- 
sibly reticulocytes and serum iron, should be obtained. Any significant abnormalities 
should rule out use of the drug. These same tests should be repeated at frequent 
intervals, possibly weekly, during the first three months of therapy and monthly there- 
after for at least two to three years. 

Baseline and periodic evaluations of liver function, particularly in patients with a 
history of liver disease, must be performed during treatment withithis drug since liver 
damage may occur. The drug should be discontinued immediatety in cases of aggra- 
vated liver dysfunction or active liver disease. 

Baseline and periodic eye examinations, including slit-lamp, tundusccpy and tonom- 
etry, are recommended since many pnenothiazines and related drugs have been shown 
to cause eye changes. 

Baseline and periodic complete urinalysis and BUN determinations are recom- 
mended for patients treated with this agent because of observed renal dvsfunction. 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has ncreased the 
efficacy and safety of anticonvulsants. This monitoring may be particularly useful in 
cases of dramatic increase in seizure frequency and for verificatien of compliance. In 
addition, measurement of drug serum levels may aid in determining the cause of toxicity 
when more than one medication is being used. 

Thyroid function tests have been reported to show decreasec values with Tegretol ad- 
ministered alone. 

Drug Interactions: The simultaneous administration of phenotarbital, phenytoin, or 
primidone, or a combination of two, produces a marked lowering of serum levels of 
Tegretol. 

The half-lives of phenytoin, warfarin, doxycycline, and theophyiline were significantly 
shortened when administered concurrently with Tegretol. Haloperidol serum levels may 
be reduced when the drug is administered with Tegretol. The doses of these drugs may 
therefore have to be increased when Tegretol is added to the therapeutic regime. 

Concomitant administration of Tegretol with erythromycin, cimetidine, propoxyphene, 
isoniazid or calcium channel blockers has been reported to result in elevated plasma 
levels of carbamazepine resulting in toxicity in some cases. Also. concomitant adminis- 
tration of carbamazepine and lithium may increase the risk of neurotoxic side effects. 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications. 

Breakthrough bleeding has been reported among patients receiving concomitant oral 

contraceptives and their reliability may be adversely affected. 
Carcinogenicity, Mutagenesis, Impairment of Fertility: Carbamazepine, when 
administered to Sprague-Dawley rats for two years in the diet at doses cf 25, 75, and 
250 mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular 
tumors in females and of benign interstitial cell adenomas in the testes of males. 

Carbamazepine must, therefore, be considered to be carcinogenic in Sprague- 
Dawley rats. Bacterial and mammalian mutagenicity studies using carbamazepine 
produced negative results. The significance of these findings relative to the use of 
carbamazepine in humans is, at present, unknown. 

Pregnancy Category C: Tegretol has been shown to have adverse effects in repro- 
duction studies in rats when given orally in dosages 10-25 times the maximum human 
daily dosage of 1200 mg. In rat teratology studies, 2 of 135 offspring showed kinked ribs 
at 250 mg/kg and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate, 
1; talipes, 1; anophthalmos, 2). In reproduction studies in rats, nursing oftspring demon- 
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strated a iaekct weight gain and an unkempt appearance at a maternal dosage level of 
200 mg/kg 

There are ro-adequate and well-controlled studies in pregnant women. Tegretol 
should be usec-during pregnancy only if the potential benefit justifies the potential risk to 
the fetus 

It is important to note thatanticonvulsant drugs should not be discontinued in patients 
in whom the crag is administered to prevent major seizures because of the strong pos- 
sibility of preczz:ating status epilepticus with attendant hypoxia and threat to life. In 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient, discontinuation of 
the drug may be considerec prior to and during pregnancy, although it cannot be said 
with any confidence that even minor seizures do not pose some hazard to the develop- 
ing embryoor etus. 

Labor and'De!'very: The effect of Tegretol on human labor and delivery is unknown. 
Nursing Mothers: During 'actation, concentration of Tegretol in milk is approximately 
60% of the maternal plasma concentration. 

Because of tle potential for serious adverse reactions in nursing infants from carba- 
mazepine, a cesision should be made whether to discontinue nursing or to discontinue 
the drug, takirz:into account the importance of the drug to the mother. 

Pediatric se: Safety and effectiveness in children below the age of 6 years have not 
been estabrshed. 

ADVERSE-XREACTIONS 

If adverse reactions are of such severity that the drug must be discontinued, the phy- 
sician muste aware that abrupt discontinuation of any anticonvulsant drug in a 
responsive epileptic patient may lead to seizures or even status epilepticus with its 
life-threater ng ^azards. 

The mostsevere adverse reactions have been observed in the hemopoietic system 
(see boxed WARNING), the skin, and the cardiovascular system. 

The mostifrequently observed adverse reactions, particularly during the initial phases 
of therapy. arexiizziness, drowsiness, unsteadiness, nausea, and vomiting. To mini- 
mize the possibility of such reactions, therapy should be initiated at the low dosage 
recommencec 

The followingaadditional adverse reactions have been reported: 

Hemopoietic System: Aplastic anemia, agranulocytosis, thrombocytopenia, leukope- 
nia, leukocytosis. eosinophilia. 

Skin: Pruritie and erythematous rashes, urticana, toxic epidermal necrolysis (Lyells 
syndrome) (se="WARNINGS), Stevens-Johnson syndrome (see WARNINGS), photo- 
sensitivity reactions, alterations in skin pigmentation, exfoliative dermatitis, erythema 
multiforme and eodesum., purpura, aggravation of disseminated lupus erythematosus, 
alopecia, amd @iaphoresis. In certain cases, discontinuation of therapy may be 
necessary. 

Cardiovascular System: Congestive heart failure, edema, aggravation of hypertension, 
hypotension. syacope and collapse, aggravation of coronary artery disease, arrhyth- 
mias and AW block, primary thrombophlebitis, recurrence of thrombophlebitis, and 
adenopath yor lymphadenopathy 

Some of these cardiovascular complications have resulted in fatalities. Myocardial 
infarction has been associated with other tricyclic compounds. 

Liver: Abnormalitiesan liver function tests, cholestatic and hepatocellular jaundice, 
hepatitis. 

Respiratory-System: Pulmonary hypersensitivity characterized by fever, dyspnea, 
pneumonitis or pneumonia. 

Genitourinary System: Urinary frequency, acute urinary retention, oliguria with elevated 
blood presswre, azotemia, renal failure, and impotence. Albuminuria, glycosuria, ele- 
vated BUN and microscopic deposits in the urine have also been reported. 

Testiculamatraphy occurred in rats receiving Tegretol orally from 4 to 52 weeks at dos- 
age levels c! So 400 mg/kg/day. Additionally. rats receiving Tegretol in the diet for two 
years at dosagelevels of 25. 75. and 250 mg/kg/day had a dose-related incidence of 
testicular atrop^v and aspermatogenesis. In dogs, it produced a brownish discoloration, 
presumablya metabolite, in the urinary bladder at dosage levels of 50 mg/kg and 
higher. Relevanee of these findings to humans 's unknown. 

Nervous System: Dizziness. drowsiness, disturbances of coordination, confusion, 
headache, fatigue, blurred vision, visual hallucinations, transient diplopia, oculomotor 
disturbances, nystagmus, speech disturbances, abnormal involuntary movements, 
peripheral neuntis and paresthesias, depression with agitation, talkativeness, tinnitus, 
and hyperacus:s 

There have been reports cf associated paralysis and other symptoms of cerebral arte- 
rial insufficieney, but the exact relationship of these reactions to the drug has not been 
established 
Digestive System: Nausea, vomiting, gastric distress and abdominal pain, diarrhea, 
constipation: enerexia, and dryness of the mouth and pharynx, including glossitis and 
stomatitis. 

Eyes: Scattered punctate, cortical lens opacities, as well as conjunctivitis have been 
reported. Although a direct causa! relationship nas not been established, many pheno- 
thiazines and retated drugs have been shown to cause eye changes. 

Musculoskeierai System: Aching joints and muscles, and leg cramps. 

Metabolism: Fewer and chills. Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has teerwreported. 

DRUG ABUSE AND DEPENDENCE 

No evidence c! abuse potential has been associated with Tegretol, nor is there evidence 
of psychologicalor physical dependence in humans. 

OVERDOSAGE 

Acute Toxicity 

Lowest knowniethal dose: adults, >60 g (39-year-old man). Highest known doses 
survived: adults30 g (31-year-old woman); children, 10 g (6-year-old boy): small chil- 
dren, 5 g (3-vear-old girl). 

Oral LDs; ;/nvamimais (mg/kg): mice, 1100-3750; rats, 3850-4025; rabbits, 1500-2680; 
guinea pigs. 920. 

Signs and Symptoms 

The first signs and symptoms appear after 1-3 hours. Neuromuscular disturbances are 
the most prominent. Cardiovascular disorders are generally milder, and severe cardiac 
complicatioms occur only when very high doses (>60 g) have been ingested. 
Respiration irregular breathing, respiratory depression. 

Cardiovascular System: Tachycardia, hypotension or hypertension, shock, conduction 
disorders À 

Nervous System and Muscles: Impairment of consciousness ranging in severity to 
deep coma. Zenvulsions, especially in small children. Motor restlessness, muscular 
twitching, tremor athetoid movements, opisthotonos, ataxia. drowsiness, dizziness, my- 
driasis, nystagmus, adiadochokinesia, ballism, psychomotor disturbances, dysmetria. 
Initial hyperrefiexia, followediby hyporeflexia. 

GastrointesmaMract: Nausea, vomiting. 

Kidneys anc Biadder: Anuria or oliguria, urinary retention. 


Laboratory Findings: \solated instances of overdosage have included leukocytosis, 
reduced leukocyte count, glycosuria and acetonuria. EEG may show dysrhythmias. 
Combined Poisoning: When alcohol, tricyclic antidepressants, barbiturates or hydan- 
toins are taken at the same time, the signs and symptoms of acute poisoning with 
Tegretol may be aggravated or modified. 

Treatment 

The prognosis in cases of severe poisoning is critically dependent upon prompt elimina- 
tion of the drug, which may be achieved by inducing vomiting, irrigating the stomach, 
and by taking appropriate steps to diminish absorption. If these measures cannot be 
implemented without risk on the spot, the patient should be transferred at once to a hos- 
pital, while ensuring that vital functions are safeguarded. There is no specific antidote. 
Elimination of the Drug: Induction of vomiting. 

Gastric lavage. Even when more than 4 hours have elapsed following ingestion of the 
drug, the stomach should be repeatedly irrigated, especially i! the patient has also con- 
sumed alcohol. 

Measures to Reduce Absorption: Activated charcoal, laxatives. 
Measures to Accelerate Elimination: Forced diuresis. 

Dialysis is indicated only in severe poisoning associated with renal failure. Replace- 
ment transfusion is indicated in severe poisoning in small children. 

Respiratory Depression: Keep the airways free; resort, if necessary, to endotracheal 
intubation, artificial respiration, and administration of oxygen. 

Hypotension, Shock: Keep the patient's legs raised and administer a plasma expander. 
If blood pressure fails to rise despite measures taken to increase plasma volume, use of 
vasoactive substances should be considered. 

Convulsions: Diazepam or barbiturates. 

Warning: Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension, and coma. However, barbiturates should not be used if drugs 
that inhibit monoamine oxidase have also been taken by the patient either in overdos- 
age or in recent therapy (within one week). 

Surveillance: Respiration, cardiac function (ECG monitoring), blood pressure, body 
temperature, pupillary reflexes, and kidney and bladder function should be monitored 
for several days 

Treatment of Blood Count Abnormalities: If evidence of bone marrow depression de- 
velops, the following recommendations are suggested: (1) stop the drug, (2) perform 
daily CBC, platelet and reticulocyte counts, (3) do a bone marrow aspiration and tre- 
phine biopsy immediately and repeat with sufficient frequency to monitor recovery. 

Special periodic studies might be helpful as follows: (1) white cell and platelet anti- 
bodies, (2) 59Fe—ferrokinetic studies, (3) peripheral blood cell typing. (4) cytogenetic 
studies on marrow and peripheral blood, (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for A; and F hemoglobin, and (7) serum 
folic acid and B,; levels. 

A fully developed aplastic anemia will require appropriate, intensive monitoring and 
therapy. for which specialized consultation should be sought. 

DOSAGE AND ADMINISTRATION 

Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS Laboratory Tests). Dosage should be adjusted to the needs of the 
individual patient. A low initial daily dosage with a gradual increase is advisec. As soon 
as adequate control is achieved, the dosage may be reduced very gradually to the mini- 
mum effective level. Tablets should be taken with meals. 

Epilepsy (see INDICATIONS AND USAGE). 

Adults and children over 12 years of age—Initial: 200 mg b i.d. Increase at weekly 
intervals by adding up to 200 mg per day using a t.i.d. or q.i.d. regimen until the best 
response is obtained. Dosage should generally not exceed *000 mg daily in children 12 
to 15 years of age, and 1200 mg daily in patients above 15 years of age. Doses up to 
1600 mg daily have been used in adults in rare instances. Maintenance: Adjust dosage 
to the minimum effective level, usually 800-1200 mg daily. 

Children 6-12 years of age—Initial: 100 mg b.i.d. Increase at weekly intervals by 
adding 100 mg per day using a t.i.d. or q.i.d. regimen until the best response is obtained 
Dosage should generally not exceed 1000 mg. Maintenance: Adjust dosage to the 
minimum effective level, usually 400-800 mg daily. 

Combination Therapy: Tegretol may be used alone or with other anticonvulsants. 
When added to existing anticonvulsant therapy, the drug shouid be added gradually 
while the other anticonvulsants are maintained or gradually decreased, except pheny- 
toin, which may have to be increased (see PRECAUTIONS Drug Interactions). 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 

Initial: 100 mg b.i.d. on the first day for a total daily dose of 200 mg. This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom from pain. Do not exceed 1200 rnc daily. 

Maintenance: Control of pain can be maintained in most patients with 400 mg to 

800 mg daily. However, some patients may be maintained on as little as 200 mg daily, 
while others may require as much as 1200 mg daily. At least once every 3 months 
throughout the treatment period, attempts should be made to reduce the dose to the 
minimum effective level or even to discontinue the drug. 

HOW SUPPLIED 

Chewable Tablets 100 mg—round, red-speckled, pink, single-scorec (imprinted 
Tegretol on one side and 52 twice on the scored side) 
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Epileptiform Abnormalities Discovered on 
Eleetroencephalographie Screening of 
Psychiatric Inpatients 


Samuel L. Bridgers, MD 


@ The results of electroencephalo- 
graphic screening of 3225 inpatients from 
a community general hospital psychiatric 
service were reviewed. When patients 
with a prior diagnosis of epilepsy were 
excluded, epileptiform abnormalities 
were discovered in 2.6% of patients. 
Patients younger than age 25 years and 
patients with a diagnostic impression of 
anorexia nervosa, recent barbiturate 
abuse, or nonpsychotic explosive behav- 
ior were significantly more likely to have 
epileptiform abnormalities. The use of 
certain therapeutic agents was associat- 
ed with a significant excess of epilepti- 
form abnormalities in patients aged 25 
years and older. The most frequently 
encountered epileptiform abnormalities 
were photoconvulsive responses. Focal 
temporal epileptiform abnormalities were 
detected in only four patients without a 
prior diagnosis of epilepsy. The diagnosis 
of epilepsy on the basis of a primarily 
psychiatric presentation and the discov- 
ery of epileptiform abnormalities on elec- 
troencephalographic screening should be 
approached with caution. 

(Arch Neurol 1987;44:312-3 16) 
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lectroencephalography (EEG) is 

commonly used for screening of 
psychiatric patients, with the pre- 
sumed purpose of detecting evidence 
of epilepsy or other disorders consid- 
ered in the differential diagnosis of 
such patients. The most commonly 
encountered EEG evidence supporting 
a diagnosis of epilepsy is the detection 
of certain interictal abnormalities 
that are known as “epileptiform” 
because of their frequent association 
with the disorder.' This association is 
not an exact one, however, and a small 
percentage of asymptomatic individu- 
als with epileptiform abnormalities 
have been detected in most large EEG 
studies of healthy populations." In 
addition, certain drugs, drug with- 
drawal states, and metabolic distur- 
bances all may induce epileptiform 
abnormalities in some individuals 
without epilepsy." Rational applica- 
tion of the information provided by 
EEG screening of psychiatrie patients 
requires some appreciation of the 
extent to which epileptiform abnor- 
malities in a psychiatrie population 
outnumber those that would be 
expected in a healthy population, and 
the extent to which exogenous factors 
can be implicated in any such excess. 
Such an understanding is all the more 
crucial because the diagnosis of epi- 
lepsy must often be made on the basis 
of historical information augmented 
by such EEG findings, and psychiatric 
patients often report symptoms simi- 


lar to those sometimes encountered in 
the epilepsies.' 

The EEG records of psychiatric 
inpatients at Yale-New Haven (Conn) 
Hospital provided an opportunity to 
explore these issues, since a satellite 
EEG laboratory was mairtained adja- 
cent to the psychiatric inpatient units 
of the institution for 1112 years, and 
virtually all patients admitted during 
this period underwent EEG screen- 
ing. 


PATIENTS AND METHODS 


The EEG requisitions and interpretive 
reports of 3225 psychiatric inpatients 
undergoing EEG examination in the satel- 
lite EEG laboratory during its term of 
operation (July 1972 to October 1983) were 
reviewed. Serial EEGs on individual 
patients were filed together with a single 
identification number. Requisitions pro- 
vided by the psychiatric staf included age, 
clinical history, pertinent neurologic find- 
ings, medications, and diagnostic impres- 
sions. Medications were additionally 
recorded by the EEG technician perform- 
ing each examination. Interpretive reports 
included description of background 
rhythms, states of consciousness, normal 
and abnormal transients, and response to 
activation procedures. The actual EEG 
recordings, which were not retained, were 
performed in accord with the recommen- 
dations of the American Electroencephalo- 
graphic Society and included 10-20 place- 
ment of 21 electrodes, standard bipolar and 
referential montages, and recording dur- 
ing hyperventilation and photic stimula- 
tion when feasible. 
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Age, «25 y 


EA, Tea mE 
No. (%) Total P 





Major 
tranquilizers 22 (4.0) 552 NS 


7 (7.7) 91 NS 


3 (3.9) 77 NS 





Table 1.—Drug Therapy and Epileptiform Abnormalities (EA) * 






EA, m 


No. (%) 


18 (2.6) 693 
7 (1.9) 360 


4 (3.0) 135 .01 


Combination 5(4.7) 106 NS 9(3.4) 263 .001 14 (3.8) 369 NS 
Any of abeve 27 (4.4) 611 NS 19 (2.1) 910 .01 46 (3.0) 1521 NS 
None of aseve 29 (3.9) 748 R 6(0.7  Á 874 .... 35 (2.2) 1622 IM 
Benzodiazs»ines 7/(1.1)) 28047 «001 2 (0.4) 497 <.03 9(0.8) 1144  «.001 








Age, —25 y All Patients 





EA, 
Total P No. (%) Total P 





002 40(3.2) 1245 NS 
«.05 14 (3.1) 451 NS 





7 (3.3) 212 NS 





* Statistica enalysis was based on comparison of groups 1 through 5 with group 6, and group 7 with all 
patients not-rsceiwing benzodiazepines. NS indicates not significant (P > .05). 


Interpretations were provided by 15 elec- 
troencephalographers, all of whom had 
participatec in the same training program. 
Spikes, sp ke/wave, and sharp/slow wave 
complexes meluding “fast” or 6-Hz spike/ 
wave discharges, were considered epilepti- 
form. 

The patients ranged in age from 11 to 85 
years. Initial EEGs were obtained from 
2399 patien*s while hospitalized in an eval- 
uation uni: where admissions were on the 
order of twe weeks. The other 826 patients 
underwent initial recording while hospital- 
ized on a t&zee-month treatment unit. Mul- 
tiple EEGs were obtained for 763 patients, 
and 588 underwent at least one EEG that 
was identified as sleep-deprived. An indi- 
cation of EG evidence of sleep was in- 
cluded in at least one report for 511 
patients, including 384 with sleep-deprived 
recordings 

Information from the requisitions and 
reports was abstracted and tabulated for 
determina-:on of the incidence of epilepti- 
form abnormalities in relation to age, his- 
tory, medications, and diagnostic impres- 
sions. Prior te the tabulation, 25 years was 
selected a a point of division for age 
grouping. Statistical analysis was per- 
formed by x. 


RESULTS 


Of 3225 pat:ents whose records were 
reviewed, 111 (3.4%), had at least one 
EEG as a psychiatric inpatient that 
diselosed epileptiform abnormalities. 
Thirty of these patients with epilepti- 
form abrermalities were specifically 
noted to kave a history of epilepsy, 
and they constituted 36.6% of the 82 
patients with this history noted on 
requisitiors. Patients noted to have 
prier isolated seizures in association 
with drug or alcohol withdrawal or 
with metabolic disturbances were not 
included m this group. The association 
of epileptiform abnormalities with a 
history of epilepsy was highly signifi- 
cart (P < .901), but hardly surprising. 
Since the real concern of the current 
evaluation was the detection of epilep- 
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patients not known to be epileptic, all 
82 of these individuals were elimi- 
nated from further analysis. 

Of the remaining 3143 patients, 81 
(2.6%) had epileptiform abnormali- 
ties on at least one EEG. Age was an 
important association, with epilepti- 
form abnormalities found in 56 (4.1% ) 
of 1359 patients younger than age 25 
years, and 25 (1.4%) of 1784 patients 
aged 25 years and older. Again, this 
was a highly significant difference 
(P < .001). 


Drug Therapy and 
Epileptiform Abnormalities 


Major tranquilizers,*'* antidepres- 
sants,'? and lithium" have been asso- 
ciated with variable propensity to 
induce clinical seizures or EEG epi- 
leptiform abnormalities. Therefore, 
the relationship of the use of these 
agents to the occurrence of epilepti- 
form abnormalities was examined. 
The results are listed in Table 1. Con- 
sidered individually or together, these 
agents were associated with a signifi- 
cantly increased incidence of epilepti- 
form abnormalities in patients aged 
25 years and older. As a check on the 
reliability of these associations, the 
incidence of epileptiform abnormali- 
ties in patients receiving benzodiaze- 
pines was also determined, since these 
agents would not be expected to 
induce such abnormalities. There was 
a significant negative association of 
benzodiazepine use with epileptiform 
abnormalities. 


Diagnostic Impression and 
Epileptiform Abnormalities 


The incidence of epileptiform 
abnormalities was determined in rela- 
tion to the most commonly encoun- 
tered diagnostic impressions. These 
were depression, schizophrenia, ma- 


nia, and anorexia nervosa. Language 
af the rennicitinne exhihited ennsider- 








able variability, so that some judg- 
ment was necessary for classification 
of individual impressions. The intent 
was to group patients with apparently 
similar clinical presentations, rather 
than to assign diagnoses with taxo- 
nomic rigor. Patients classified as 
depressed ineluded those character- 
ized by such terms as major, unipolar, 
or bipolar depression, as well as terms 
such as reactive or situational depres- 
sion. The schizophrenic group includ- 
ed, in addition to those specifically 
identified as such, any patients char- 
acterized as psychotic for whom there 
was no indication that the psychosis 
was either drug-induced or affective. 
The manic group also included 
patients characterized as hypomanic. 
Patients characterized as bulimic 
were not included in the anorexia 
nervosa group. To avoid bias, patients 
were assigned to these groups blindly 
with regard to the presence or absence 
of epileptiform abnormalities. Nearly 
a third of the population could not be 
assigned to one of these groups. This 
unclassified group included mainly 
patients characterized as bipolar or 
manic-depressive without a specifica- 
tion of which mood disturbance pre- 
vailed at the time of EEG, patients 
with various personality disorders, 
patients hospitalized for suicide 
attempts without a specific indication 
of depression, and patients admitted 
for dementia. 

The incidence of epileptiform 
abnormalities for each of the four 
most common diagnostic impressions 
is indicated in Table 2. Only a diag- 
nostic impression of anorexia nervosa 
was associated with a significantly 
increased likelihood of epileptiform 
abnormalities (P « .001). Although a 
diagnostic impression of depression 
was associated with an overall signifi- 
cant reduction in the number of pa- 
tients with epileptiform abnormali- 
ties (P = .01), this was a consequence 
of the large rumber of patients aged 
25 years and older and not receiving 
major tranquilizers, antidepressants, 
or lithium who were included in this 
group. Neither these patients, those 
younger than age 25 years, nor those 
25 years and older and receiving the 
noted agents, differed significantly 
from similar patients in the total pop- 
ulation in the likelihood of having 
epileptiform abnormalities. 

In all four categories of diagnostic 
impression, younger patients were 
more likely to have epileptiform 
abnormalities, as were patients re- 
ceiving major tranquilizers, antide- 
pressants, or lithium. 

Consideration of the clinical de- 


Table 2.—Diagnostic Impression and Epileptiform Abnormalities (EA) * 
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Depression Psychosis Manic /Hypomanic Anorexia Nervosa 
————— —————————D 
EA, No. (?6) Total EA, No. (%) Total EA, No. (%) Total EA, No. (%) Total 










Age «25 y 



















MT, AD, and/or lithium carbonate 9 (7.2) 125 9 (3.1) 294 3 (5.2) 58 4 (28.6) 14 

None of above 3 (1.2) 253 2 (2.5) 79 0 (0) 11 5 (6.7) 77 

Total 12 (3.2) 378 11 (2.9) 373 3 (4.3) 69 9 (9.9) 91 
Age 25 y and older 

MT, AD, and/or lithium carbonate 9 (1.8) 492 4 (2.1) 188 2 (2.6) 78 0 (0) 5 

None of above 2 (0.4) 545 € (0) 42 O (0) 10 1 (10.0) 10 

Total 132-61. 1) 1037 4 (1.7) 230 2 (2.3) 88 1 (6.7) 15 
All patients 

MT, AD, and/or lithium carbonate 18 (2.9) 617 13 (2.7) 482 5 (3.7) 136 4 (21.1) 19 

None of above 5 (0.6) 798 2 (1.7) 121 O (0) 21 6 (6.9) 87 

Total 23 (1.6) 1415 15 (2.5) 603 5 (3.2) 157 10 (9.4) 106 

















* MT indicates major tranquilizers; AD, antidepressants. 


Table 3.—Barbiturate Abuse and 
Epileptiform Abnormalities (EA) * 


EA, 


Patient Group No. (%) Total 


Age «25 y 
MT, AD, and/or 












EA, 
No. (96) 











Table 4.—Expicsive Behavior and 
Epileptiform Abnormalities (EA) * 


Patient Group Total 


Age <25 y 
MT, AD, and/or 


















form complexes noted over a back- 
ground of excessive sharp activity 
that was described as suggestive of a 
drug effect, and two patients had mul- 
tifocal spikes. Seven patients exhib- 
ited only 6-Hz spike/wave discharges, 
which many would no longer consider 


lithium carbonate 2 (100) lithium carbonate 2 (7.7) 26 ° e 17 
None of above 2 (40) None of above 6 (10.2) 59 em leptiform at all. ; 1 chee 
Total 4 (57.1) Total 8 (9.4) 85 The remaining 30 patients exhibited 
Age 25 y and older Age 25 y and older epileptiform abnormalities that 
MT, AD, and/or MT, AD, and/or ; 1 
; AD, , AD, might be regarded, at least bv their 
lithium carbonate 2 (33.3) lithium carbonate o (0) 16 d g ipti g : likel t v 
None of above 2 (11.1) None of above O (0) 32 escrip lon, as more 1xely to be asso- 
Total 4 (16.6) Total 0 (0) 48 ciated with epilepsy. These patients 
All barbiturate abuse All explosive behavior constituted slightly less than 1% of 
MT, AD, and/or MT, AD, and/or the total group of patients witho 
lithium carbonate 4 (50) lithium carbonate 2 (4.8) 42 k E "D P ib d ab T 
None of above 4 (17.4) None of above 6 (6.6) 91 nown epilepsy. Described abnormali- 


Total 


8 (25.9) 31 


*MT indicates major tranquilizers; AD, antidepres- 
sants. 


scriptions of patients with epilepti- 
form abnormalities suggested two 
additional associations: explosive be- 
havior in nonpsychotic adolescents 
and barbiturate abuse prior to admis- 
sion. The data on all patients was 
reexamined to confirm these associa- 
tions, and the results are listed in 
Tables 3 and 4. Descriptive terms such 
as temper tantrums, rage attacks, and 
episodic dyscontrol were used to clas- 
sify patients in the explosive behavior 
group. Some patients in both of these 
groups were included in the other 
major categories noted. Significant 
associations were found for both bar- 
biturate use (P < .001) and explosive 
behavior (P < .02). For the latter cate- 
gory, the association was particularly 
strong when only patients younger 
than age 25 years were considered 
(P «.001), since none of the adults 
with nonpsychotic explosive behavior 
had epileptiform abnormalities. A 
specific history of drug abuse was 
noted in two of the eight adolescents 
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Total 8 (6.0) 133 








* MT indicates major tranquilizers; AD, antidepres- 
sants. 


with explosive behavior, including one 
in whom epileptiform abnormalities 
could be clearly related to barbiturate 
withdrawal. 


Characteristics of 
Epileptiform Abnormalities 


Effects of drugs or metabolic dis- 
turbances on the occurrence of epilep- 
tiform abnormalities might be re- 
flected in the morphology and distri- 
bution of the abnormalities detected 
and in the circumstances of their 
appearance. In 51 of the 81 patients 
with epileptiform abnormalities, the 
description suggested this possibility, 
although it is recognized that no spe- 
cifie characteristic of an epileptiform 
abnormality allows conclusive classi- 
fication as a drug effect. Twenty-four 
of these 51 patients exhibited only 
photoconvulsive responses, which 
were either generalized or occipitally 
dominant. Ten patients had occipital 
spikes unrelated to photic stimula- 
tion, eight had only single epilepti- 


ties included generalized or bilateral- 
ly synchronous spike/wave or poly- 
spike/wave discharges in 18 patients, 
focal temporal complexes in four 
patients, and focal central complexes 
in four patients. Two patients had 
focal frontal complexes, and two had 
diffuse lateralized hemispheric dis- 
charges. Again, a trend favoring 
youth was seen, with these abnormal- 
ities accounting for 1.3% of the 
patients younger than age 25 years, 
and 0.6% of those aged 25 years and 
older. Although the described abnor- 
malities suggested neither drug-re- 
lated or metabolic effect, they were 
encountered in 1.1% of the older 
patient group receiving major tran- 
quilizers, antidepressants, or lithium, 
and in only 0.2% of the counterpart 
group not receiving these agents. In 
addition, the association with anorex- 
ia nervosa remained apparent, with 
four (3.8%) patients with this diag- 
nostic impression included among 
these 30 patients. This association 
remained significant (P = .008). Five 
of the eight adolescent patients with 
explosive behavior and epileptiform 
abnormalities were also included 
among these patients, and this associ- 
ation was also significant (P = .003). 
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COMMENT 

This is by no means the first study 
to consider the problem of epilepti- 
form abnormalities discovered on 
EBG screening of psychiatric pa- 
tients.'*? This review offers a differ- 
ent perspective, however, through 
corsidersticn of factors such as medi- 
cation, druz withdrawal, diagnostic 
impressicn, and specific symptoms in 
patients with epileptiform abnormali- 
ties and n all members of the large 
population from which they came. The 
analysis sugzests, as others have, that 
such abrermalities will be detected 
infrequertlv, but often enough that 
their imrlicstions should be appreci- 
ated. When patients known to have 
epilepsy were excluded, the incidence 
was no greater than that noted by 
Zivin ard Ajmone-Marsan” in a 
review of patients without known epi- 
lepsy undergoing EEG. The crucial 
difference is that their subjects were 
generally net psychiatrie patients. 
The incicenee of epileptiform abnor- 
malities was somewhat higher than 
that foumd in population studies of 
apparent y healthy adults,'^ but lower 
than in apparently healthy children,*’ 
not surprising in view of the wide age 
range of patients in the current study. 
Subjects younger than age 25 years 
had a considerably higher overall inci- 
dence of epileptiform abnormalities 
than older mdividuals, and this inci- 
dence was tigher than would have 
been expected from longitudinal eval- 
uation of children discovered to have 
epileptiform abnormalities on popula- 
zon-based EEG screening.’ 

Two facters appear to contribute 
notably to the incidence of epilepti- 
form abnormalities. First, certain 
clinical presentations encountered in 
relatively small numbers of patients 
were assacieted with a disproportion- 
ate number of epileptiform EEGs. 
Second, therapy with agents known to 
lower seure threshold or actually 
induce epileptiform abnormalities 
was also associated with an increased 
likelihooc cf encountering these in 
adults. 

The diagnostic impression of an- 
orexia nervosa, the notation of episod- 
ic explos-ve behavior in adolescents, 
and the specification of preadmission 
barbiturate abuse accounted for only 
7% of the pepulation, but 32% of the 
2pileptiferm EEGs. Association of 
anorexia nervosa with an increased 
incidence of epileptiform abnormali- 
ties has been demonstrated previous- 
ly, with cerrelation of these with met- 
abolic dsturbances consequent to 
extended fasting, rather than epilep- 
sy.” The propensity for barbiturate 
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withdrawal to induce epileptiform 
abnormalities, particularly photocon- 
vulsive discharges, is well known." 
The association of episodes of explo- 
sive behavior in adolescents with 
increased likelihood of epileptiform 
abnormalities does not in itself indi- 
cate that such episodes are seizures. 
Two of the eight patients with epilep- 
tiform abnormalities in this category 
were noted to be mentally retarded, 
and poor impulse control and epilepti- 
form abnormalities might be expected 
in subjects with prior brain damage 
without being causally related to each 
other. It is of interest that an excess 
of behavioral disturbances were found 
in healthy children discovered to have 
epileptiform abnormalities on popula- 
tion-based EEG screening.’ 

In this retrospective examination, 
the evidence linking certain classes of 
therapeutic agents to epileptiform 
abnormalities is admittedly circum- 
stantial. Nevertheless, the association 
was present in adults, regardless of 
diagnostic impression. Indeed, such 
an effect is to be expected, considering 
the demonstrated capacity of these 
agents to induce epileptiform abnor- 
malities in some individuals. The 
nature of many of the epileptiform 
abnormalities also suggests a general 
increase in cerebral excitability, as 
might be expected with a drug effect.! 
The failure to demonstrate this asso- 
ciation in patients younger than age 
25 years can be attributed, at least in 
part, to the excess of abnormalities 
associated with anorexia and episodic 
explosive behavior, circumstances 
where such therapy was generally not 
used at the time of EEG. 

What are the implications of this 
information? The importance of epi- 
lepsy in the differential diagnosis of 
psychiatric disorders has long been 
emphasized, with some authors sug- 
gesting that partial complex status 
epilepticus must be suspected in all 
psychotic patients. When the appar- 
ent influences of drugs, drug with- 
drawal, and metabolic disturbances 
are discounted in adults, the incidence 
of epileptiform abnormalities is 
essentially the same as that discov- 
ered by Gibbs et al? who performed 
EEG screening of 1000 healthy 
adults. While the significance of epi- 
leptiform abnormalities discovered on 
screening of apparently healthy indi- 
viduals has been long debated,'* it 
does not appear that additional diag- 
nostic significance should be attached 
to the discovery of such abnormalities 
in a psychiatric patient population 
subjected to EEG screening, except in 
the special circumstances noted 


above. Of these, only explosive behav- 
ior in adolescents appears to warrant 
closer inspection for an actual diagno- 
sis of epilepsy, although a cause-and- 
effect relationship should not be pre- 
sumed. Other significant associations 
were more suggestive of transient 
alterations in cerebral excitability, as 
was the nature of many of the epilep- 
tiform abnormalities described. It is 
particularly noteworthy that, among 
3143 patients not known to be epilep- 
tic, only four were disecvered to have 
temporal epileptiform foci, since par- 
tial complex epilepsy arising from the 
temporal lobes is considered particu- 
larly important in psychiatric differ- 
ential diagnosis. While EEG record- 
ing with nasopharyngeal electrodes 
may have increased the yield of such 
abnormalities, the difference is not 
likely to be substantial/5 Under the 
cireumstances, it appears that the 
diagnosis of epilepsy or the basis of 
epileptiform abnormalities and a psy- 
chiatric presentation must be made 
with great caution, and only after the 
possible role of confounding influ- 
ences on the EEG can be discounted. 
Considering the growing number of 
epilepsy units capable of extended 
inpatient monitoring of behavior and 
EEG,” as well as the increasing avail- 
ability of ambulatory EEG monitor- 
ing, some attempt to correlate sus- 
pect behavior with ictal EEG in such 
patients would seem warranted before 
labeling them as epileptic. In addition, 
it would seem prudent to avoid extrap- 
olation from the clinical presentation 
of occasional patients discovered to 
have epileptiform abnormalities in 
defining new epileptic syndromes in 
the neuropsychiatric borderland. 

The results of this study suggest 
that epileptiform abnermalities in 
psychiatric patients should not be 
taken as necessarily indicative of epi- 
lepsy. This does not eliminate epilepsy 
from the differential diagnosis of such 
patients, and it may exist as an addi- 
tional diagnosis. Electroencephalo- 
graphic abnormalities such as a pho- 
toconvulsive response may reflect 
increased cerebral exeitability in- 
duced by some transient exogenous 
influence, but they are obviously also 
encountered in epileptie individuals. 
Even in healthy populations, some 
subjects discovered to have unsus- 
pected epileptiform abnormalities do 
turn out to have epilepsy, though they 
are a minority. Additionally, detec- 
tion of such abnormalities, if exoge- 
nously induced, may be a warning of 
an immediate, althouga temporary, 
risk of seizures even in individuals 
who are not epileptic. 
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MIDAS REX INSTITUTE 
ANNOUNCES 
POSTGRADUATE SKILLS CONFERENCES 


"MODERN DISSECTION TECHNIQUES OF BONE, BIOMETALS, AND BIOPLASTICS" 
for NEUROSURGEONS** 


**ENT, Maxillofacial, Plastic and ORL Surgeons should attend conferences for Neurosurgeons. 


CONFERENCE OBJECTIVES 


I. Surgeoms will explore current concepts in boneworking 
through lectures, conferences, and clinical procedures on 
videe. — R personnel will participate in the same activities. 

II. Surzeenms wil! participate in hands-on workshops with ad- 

vancec pneumatic instrumentation so their boneworking 

problems will be refined, expedited, and facilitated. OR 

persenme! will participate in hands-on workshops as well 

as zwe particular attention to equipment care and 

maintenance, so that when OR personnel have completed 

the course they have improved competence in OR 
support. 

LI. Surgeoms who have completed the symposium should be 
able te apply immediately their amplified skills in the 
operatimg room to do their bonework (per se) in the time 
delineated: t 


CRANIUM? osteoplastic temporal flap, 1% min. * posterior 
craniectom-. 45 -60 sec. * osteoplastic posterior craniotomy, 1-2 min. 
e free tempera! flap, 1 nfin~e burrhole, 1-3 sec. * hemicraniotomy, 
2 min. * bi^atecal frontal flap; 3/2 4min. * two osteoplastic subdural 
buttens, 2 min. ¢ uh Saby Hye clivus * traction anchors * 
cranioplast.- 


CRANIOFACIAL MAXILLOFACIAL: t infra orbit ¢ frontal e 
maxillectomy * zygomectomy-® orbital e supra orbit e mandibular 
resection * nando eredi . mr reduction * facial 
fracturese sutyi e 





. P p 
abeo "E 7% 


ORL: Tf s A ac fain: A S RON acoustic 
neuroma, 3€ rin. v orbital fossa dieci. 


SPINE:T 2-Place arti foe 6.7. min; e anterior cervical fusion 
with osteophyte removal; borie Ss £ min. è posterolateral fu- 
sions * posterior i ódy. fusions e foraminotomies, 30 sec. © 
osteophyte removals sec "- Harrington rod removals * Harr- 
ington rod rafséction ia situ, 2 min. * fusions-posterior and anterior 
* disc and nerve root problems * unroofing nerves * taking down old 
fusions, 1-8 min. 


BIOPLASTICS:t{ Methylmethacrylate - dissect, excise, shape * 
Polyethylene - abrade in situ, dissect in situ, transect in situ, shape. 


BIOMETAL® ł (Superalloys, Titanium alloys, Stainless steels) 
Transect ane shape in OR, 1-6 min.: in situ, 1-6 min. 


TProcedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and 
advice necessary for any special procedure they may envision. 
Craniofacict. maxillofacial, and ENT problems will be explored ac- 
cording to ‘he individual wishes of the surgeons. 


CREDITS: Each of «hese conferences qualifies for 18 hours of 
AMA-CME -redit, Category 2. 


FEE: Surgean— US $965.00; Resident - US $585.00 (with letter from 
department head); OR Tech/Ass't. - US $250.00. Enroll by check 
and letter. 4&1] enrollments and fee payments are made through the 
Midas Rex Office in Fort Worth. 


For additiara! information and future dates, call or write: 


MIDAS REX INSTITUTE 


3001 Race Street * Fort Worth Texas 76111 ¢ 800/433-7639 ¢ 817/831-2604 


CONFERENCE SCHEDULE 
March - August 
(NEURO 700) 


*CO-SPONSORED CONFERENCES 


SEATTLE, WASHI , MARCH 11-12-13. 

o-sponsored by the University of Washington 
School of Medicine, Department of Neurological 
Surgery. 

LEARWA FLORIDA, APRIL 
12-13-14. Co-sponsored by the University of South 
Florida College of Medicine, Department of 
Neurosurgery. 

DALLAS, APRIL 30 — MAY 1-2. (Immediately 
preceding the A.A.N.S. meeting). 

DETROIT, JUNE 10-11-12. Co-sponsored by Henry 
Ford Hospital, Department of Neurological Surgery. 
MEMPHIS, JUNE 24-25-26. Co-sponsored by the 
University of Tennessee College of Medicine, the 
Department of Neurosurgery. 


V NNSYLVANIA, JULY 
15-16-17. Co-sponsored by West Virginia University 


School of Medicine, the Department of Neurosurgery. 


HILTON HEAD ISLAND, S 
CAROLINA, AUGUST 3-4-5. Co-sponsored by 


Hilton Head Island Neurosurgical Symposium, 1987. 
(This immediately precedes the Hilton Head Island 
Neurosurgical Symposium.) 

WORCESTER, MASSACHUSETTS, AUGUST 
12-13-14. Co-sponsored by the Department of 
Neurosurgery of Saint Vincent Hospital in affiliation 
with the University of Massachusetts Medical School 


PERMANENT SITES 


DALLAS/FORT WORTH, Home Office, 3001 
Race Street, Fort Worth, Texas, MARCH 23-24-25, 
APRIL 6-7-8, MAY 7-8-9 œ 27-28-29, JUNE 
29-30-July 1, JULY 20-21-22, AUGUST 6-7-8 * 
24-25-26. 


NEW YORK CITY, 115 East 61st Street, Lower 
Level. MARCH 9-10-11 * 19-20-21, APRIL 2-3-4, 
MAY 14-15-16, JUNE 8-9-10 * 18-19-20, JULY 8-9-10 
e 27-28-29, AUGUST 20-21-22. 


THE PALM BEACH 529 25th Street, West 
Palm Beach, Florida. MARCH 5-6-7 * 16-17-18 * 
30-31-Apr. 1, APRIL 22-23-24, MAY 18-19-20, JUNE 
4-5-6 @ 22-23-24, AUGUST 27-28-29. 


CHICAGO, 728 West Algonquin Road, Arlington 
Heights, Illinois. MARCH 2-3-4 * 16-17-18, APRIL 
6-7-8, MAY 21-22-23, JUNE 4-5-6 * 15-16-17, JULY 
13-14-15 * 30-31-Aug. 1, AUGUST 17-18-19. 


LOS ANGELES/ANAHEIM, 625 West Katella, 
Unit 22, Orange, ifornia. MARCH 26-27-28 * 
30-31-Apr. 1, APRIL 22-23-24, MAY 11-12-13, JUNE 
1-2-3, JULY 23-24-25, AUGUST 31-Sept. 1-2. 
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ESG i € Butalbital 50 mg (Warning: May be habit forming)/ 
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WORCESTER, MASSACHUSETTS 
August 12-13-14, 1987 


"MODERN DISSECTION TECHNIQUES OF BONE, BIOMETALS, 
AND BIOPLASTICS" 


(ORTHO 700 and NEURO 700) (Sebarate Hands-On Sessions) 
An Interdisciplinary Symposium for Neurosurgeons and Orthopaedic Surgeons 
co-sponsored bv the 
Department of Orthopaedic Surgery r 
and the 
Department of Neurosurgery 
of 
ST. VINCENT HOSPITAL 
in affiliation with 
UNIVERSITY OF MASSACHUSETTS MEDICAL SCHOOL 
and 
MIDAS REX INSTITUTE 
Course Directors: Norman E. Beisaw, M.D.; Bernard B. Stone. M.D.: Dick Coup, Ph.D.; Susan Mitchell. Ed.D.; 
SYMPOSIUM FORMAT 
wi IRKSHOPS: CREDI LS: CME Credit Available 


Ihe Midas Rex Hands-On Workshops will be held each day from 7:30 am. to ACCOMMODATIONS: Sheraton-Lincolu Inn & Conference Center, 500 Lin 


coln Street, Worcester MA 01605 Phone (O17) 852 1OO0) 
appropriate animal bones, skeletal bones, bioplastics and biometals : 
> ) ENROLLMENI 
ORTHOPAEDIC SURGEONS: dissection in small bones, large bones, spines ae " » 
Se > : Send letter and che k pavable to Worcester Symposium Surgeon — LUS 5965.00; 


1:30 p.m. The workshops will emphasize a series of structured exercises, utilizing 


joint replacement, revision surgery, methylmethacrvlate, polvethylene,; and 


Resident—US 8585.00 (with letter from Department Head OR Lech Asst LS 


biometals, including broken stem extraction. 
D $250.00. Mail to 


NEUROSURGEONS: intensive dissection skills for bonework of the cranium r 
and spine, including attention to bioplasties and biometals applicable to Midas Rex Institute; 2001 Race Street; Fort Worth. PN 76111 lani 


) 519 POT - 7 ) 
neurosurgery. Phone: (800) 433-7039: In Texas: i817) 831-2004 
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“Modern Dissection Techniques of Bone 
MEMPHIS, Biometals and Bioplastics" | 
TENNESSEE (ORTHO 700 and NEURO 700) 


June 24-25-26, 1987 (Separate Hands-On Sessions) 


An Interdisciplinary Symposium for Orthopaedic Surgeons and Neurosurgeons 


co-sponsored by the 


UNIVERSITY OF TENNESSEE COLLEGE OF MEDICINE 
The Departments of Neurosurgery and Orthopaedic Surgery 


and 


MIDAS REX INSTITUTE 


Course Directors: Clarence B. Watridge, M.D.; Thomas Anthony Russell, M.D.; Robert Murray, Ph.D.; 
Susan Mitchell, Ed.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: (Neurosurgeons and Orthopaedic Surgeons in separate workshops.) The Midas Rex 
Hands-On Workshops will be held each day from 7:30 a.m. to 1:30 p.m. The workshops will emphasize 
a series of structured exercises, utilizing appropriate animal bones, skeletal bones, bioplastics and biometals. 
NEUROSURGEONS: Intensive dissection skills for bone work of the cranium and spine, including attention to 
bioplastics and biometals applicable to neurosurgery. 
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Controversies in Neurology 


The Ischemic Hypotheses of Migraine 


Jes Olesen, MD 


According to the traditional view; 
mig-aiae is due to spasm in one or 
more major cerebral arteries causing 
cerebral ischemia, which as the spasm 
disappears, zives way to hyperperfu- 
sien. In this phase, atonie arteries, 
especially sxtracranially, cause the 
pain experience. For many years, 
there was little experimental evidence 
in favor of this theory but also little 
evidence against it. Hence, it 
remained ‘er decades in virtually 
every textbeok of medicine or neurolo- 
gy. Due to its appealing simplicity, the 
hypothesis tas easily been grasped by 
students. and it has been very useful 
as patient information. It has also 
caused the search for new migraine 
drugs to be directed exclusively 
toward vaseactive compounds. 

With ample new evidence at hand, 
it now heesmes necessary to reeval- 
uate the classic hypothesis, and to 
discuss common migraine and classic 
migraine separately. 


COMMON MIGRAINE 


It has aways been difficult, not to 
say impessible, to encompass the enti- 
ty of common migraine into the clas- 
sie migraine theory of Wolff.! Com- 
mon migraine is not initiated by focal 
cerebral symptoms but occasionally 
by vague general sensations, such as 
fatigue, overactivity, yawning, crav- 
ing for certain foods, and emotional 
upset. A number of authors have 
reported inereased cerebral blood flow 
during fally developed attacks of com- 
mon migrame and up to 48 hours after 
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the attacks, but these increases have 
been modest, and nobody has 
described initial focal hypoperfu- 
sion.^? To clarify the issue, we studied 
12 patients with spontaneous common 
migraine attacks, who came to the 
Copenhagen Acute Headache Clinic 
for treatment of their migraine 
attacks. They were first studied at a 
mean duration of seven hours after 
onset of attacks (range, two to 23 
hours), then after treatment, and 
finally after seven migraine-free 
days. We used inhalation of xenon Xe 
133 and a rapidly rotating tomograph 
to obtain slices of regional cerebral 
blood flow (rCBF) values. No focal or 
generalized abnormalities of rCBF 
were noted during attacks, and there 
was no difference in flow during 
attacks, after treatment, and outside 
of attacks. To catch a possible subclin- 
ical initial ischemia, we studied 
patients in whom attacks could be 
induced by red wine or foods.’ Eight 
studies in six such patients were suc- 
cessful, giving blood flow values from 
before provocation, after provocation, 
just before the onset of migraine, and 
during fully developed migraine at- 
tacks. There was a slight nonsignifi- 
cant global increase in rCBF during 
attacks, but the major finding was 
complete absence of focal or global 
blood flow reduction just before the 
onset of the attack. 

The main trigger factors for attacks 
are emotional upset and stress.* Psy- 
chologie factors play a considerable 
role, and patients admitted to the 
hospital improve very rapidly without 
specifie therapy. Effectiveness of 
drug therapy would seem to favor a 
vascular mechanism since, for in- 
stance, ergotamine tartrate is an 


effective treatment fo- attacks, as are 
propranolol hydrochloride and calci- 
um entry blockers in prophylaxis. 
Both 6-adrenoreceptcr blockers and 
calcium entry blockers do, however, 
possess central effec-s, and so does 
ergotamine. The effect of ergotamine 
on arteries is slow in onset, probably 
slower than its effect on migraine." 

In conclusion, cerebral vasospasm 
and ischemia are probably not present 
during common mizraine attacks, 
whereas psychologic-meuronal mecha- 
nisms are clearly ef considerable 
importance. Triggerec by such mecha- 
nisms, pain may still have its origin in 
sensitized perivascular nerve end- 
ings. 


CLASSIC MIGRAINE 


When measuremerts of rCBF in 
humans became possible, Wolffs’ 
classic theory at firs. received some 
support. It was showr that rCBF was 
decreased during the aura phase of 
classic migraine, and that the local- 
ization of flow reducti»n corresponded 
roughly to that expected from the 
patients’ symptoms.''** As equipment 
with higher spatial resolution became 
available, and especially when such 
techniques were applied to larger 
series of patients followed with 
repeated measurements, the picture 
changed. Tomographic determination 
of rCBF during spontaneous classic 
migraine attacks demonstrated re- 
duced values in the oczipital lobe and, 
depending on symptoms, also involved 
the more anterior parts of the brain.‘ 
Abnormalities were confined to the 
cerebral cortex, whereas deep struc- 
tures were normal Furthermore, 
hypoperfusion persisted up to several 
hours after aura symptoms had disap- 
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peared, ie, well into the headache 
phase of the attack. Brain areas with 
reduced flow initially were observed 
to become hyperemic after six and 6!^ 
hours in two patients. This delayed 
hyperperfusion (reactive hyperemia) 
has subsequently been observed as a 
constant phenomenon (in prepara- 
tion). There seems to be no relation 
between hyperperfusion and head- 
ache. 

More substantial evidence against 
the theory of major artery spasm was 
obtained in patients who had attacks 
provoked by carotid arteriography" 
and where rCBF was followed by the 


intracarotid injection of xenon Xe 133 


dissolved in physiologic saline and by 
254 external stationary detectors. In 
our first series (seven patients), rCBF 
was followed from the normal resting 
state and repeatedly as attacks devel- 
oped. We observed what we termed 
spreading oligemia, ie, a spreading 
reduction of cerebral blood flow start- 
ing at the occipital pole and gradually 
moving forward. In some patients, it 
finally involved the whole hemi- 
sphere; in others, it remained con- 
fined to the occipital region. Normal 
functional activation (for example, by 
hand movement, vision, or speech) 
was impaired or abolished in the oli- 
gemic area. Reduced rCBF persisted 
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into the headache phase. With more 
frequent measurements, which al- 
lowed a detailed mapping of the 
spread of hypoperfusion, the rate of 
spread could be calculated to 2 to 3 
mm/min." Normal autoregulation to 
alterations in systemic blood pres- 
sure, but reduced responsiveness to 
alterations of arterial Pco,, was 
found.* In none of our studies did 
hypoperfusion confine to the territory 
of supply of one or more major cere- 
bral arteries, but it propagated gradu- 
ally across the cortex, indicating an 
abnormal process within the cortex 
itself. The only known animal experi- 
mental phenomenon with these char- 
acteristics is the spreading depression 
of cortical electrica! activity described 
by Leao.” In this phenomenon, a nar- 
row band of markedly increased blood 
flow spreads across the cortical man- 
tle, leaving in its wake reduced cere- 
bral blood flow lasting up to 60 
minutes in the rat.” 

The controversy today is not, there- 
fore, whether Wolff's theory holds up 
but rather whether the rCBF reduc- 
tion, which spreads across the cortex, 
is purely secondary to decreased neu- 
ronal function (metabolic depression 
of cerebral blood flow) or whether 
contraction of cortical arterioles (ar- 
teriolar spasm) plays a primary role— 
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in other words, whether ischemia is 
present. The fact that some patients 
with classic migraine develop perma- 
nent neurologic deficits corresponding 
to their usual aura indicates that is- 
chemia may occasionally be involved. 
To definitively answer whether ische- 
mia is present, it will be necessary to 
conduct positron emission tomo- 
graphic studies with measurements of 
the oxygen extraction fraction. With 
metabolic depression, this factor will 
be normal or perhaps even decreased, 
whereas vasoconstriction as a prima- 
ry event will cause the oxygen extrac- 
tion fraction to increase. Such mea- 
surements have in fact been done in 
two patients, one of whom showed 
increased and the other normal oxy- 
gen extraction fraction.”! 

In conclusion, classic migraine is 
not due to spasms in major cerebral 
arteries but to a phenomenon spread- 
ing gradually in the cerebral cortex, 
possibly spreading depression of Leao. 
Whether this process is associated 
with or induced by arteriolar spasm 
is as yet unresolved. Only further 
studies with positron emission tomog- 
raphy can settle the issue. Unfortu- 
nately, the painful phase of the attack 
remains essentially unexplained. 
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Migraine 
A Biobehavioral Disorder 


K. M. A. Welch, MD 


The vaaminous scientific literature 
on the subject of migraine is typi- 
cal ef a disorder of unknown cause. 
Consequentiy, it has become difficult 
to ascerzain whether the complexities 
of the syndrome reflect the nature of 
E. the disorder or the multiplicity of 
causal theeries. Surprisingly, there 
has been little attempt to formulate a 
unifying kypothesis that would take 
into acecunt all previous major etio- 
logic cwacepts. In early years, mi- 
graine was attributed to psychologic 
disturbances. The work by Olesen et 
al'2 is ene of the latest milestones in 
clearly establishing tke organic 
naturecf migraine. The following dis- 
cussior perhaps represenzs the mar- 
riage of these two schools of thought 
by adovting the view that migraine is 
a biobehamioral disorder. 
4 The 7asious organic theories for the 
cause cf migraine fall into three broad 
catego-es of origin: systemic, neuro- 
vascular, or central nervous system 
(CNS). Unfortunately, during the the- 
orizing precess, cause has become con- 
fused with mechanism. The research 
performed to date speaks mostly to 
the meehanisms of migraine; there is 
little infcrmation about the actual 
cause. Olesen and colleagues"? have 
signifantly substantiated the previ- 
ously speculative evidence that the 
mechzzism of migraine is initiated in 
the CNS. Nevertheless, the evidence 
4 for involvement of the cerebral vascu- 
lature is undeniable.’ The arguments 
for ane against migraine being vascu- 
lar o> central in origin can be best 
reconciled by fitting both into the 
mechanistic pathway. The view is tak- 
en in this article that the brain is the 
target ergan wherein the migraine 
attac« originates; disordered neuro- 
genie control of the intrinsie and 
extrinsie circulation is a secondary 
accorxpaniment of the attack. 
As with epilepsy, all individuals 
have the potential to suffer a 
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migraine attack at some time in life. 
Some may have only one or two epi- 
sodes, perhaps even unbeknownst to 
the sufferer, whereas others experi- 
ence attacks weekly and can be clearly 
identified as migraine  sufferers. 
Intriguingly, the disorder also ap- 
pears to occupy a place in the "seven 
ages of man" if the migraine equiva- 
lents of childhood and their return in 
later life as late-onset migraine 
accompaniments can be considered to 
have the same basis.* Thus, one can be 
persuaded of a threshold for migraine, 
which when exceeded sets into motion 
the mechanisms of the attack. 

With this concept, the conditions 
that have previously given rise to the 
notion that the cause of migraine is 
multifactorial can be viewed as vari- 
ables that set or position such a 
threshold. These potentiating factors 
include age, sex, menstrual cycle, 
pregnancy, chronic stress and other 
psychologic factors, genetic makeup, 
and drugs such as oral contraceptives. 
Once the threshold is primed, factors 
that activate the mechanisms of 
migraine, such as glare, diet, acute 
stress, trauma, oxygen, radiologic 
contrast media, and vasodilators, then 
take effect. The hypothesis is that the 
*potentiators" of the migraine syn- 
drome act on a neuronal circuit com- 
posed of orbitofrontal-brain-stem 
projections to the intrinsic noradren- 
ergic system, and that the cause of 
migraine must be sought among 
humoral or biochemical factors that 
alter the function and, hence, thresh- 
old of this system. It is further pro- 
posed that the “activators” of a 
migraine episode initiate event-re- 
lated slow potential (ERSP) shifts in 
the cerebral cortex, which enhance 
neuronal firing and _ precipitate 
spreading neuronal depolarization. 


UNIFYING CONCEPT OF THE 
MECHANISMS OF MIGRAINE 


The hypothesis to be developed 
accepts that the initiating mechanism 
in the migraine attack originates in 
the CNS with a burst followed by 
depression of neuronal activity.' The 
suppressive scotoma, with scintillat- 


ing phenomena at its periphery, may 
be the clinical counterpart of this 
neurophysiologic phenomenon, which 
as Lashley argued based on observa- 
tion of his own scotoma,! has spread- 
ing depression (SD) as its basis. 
Olesen and coworkers'? observation 
of spreading oligemia is possibly the 
first physiologic correlate of SD to be 
recorded in humans. However, SD has 
not been demonstrated in humans and 
may be limited to lower-order ani- 
mals. An emerging technique that 
may identify SD, if it occurs, in 
patients is magnetoencephalography. 

Olesen et al? have postulated that 
spreading oligemia is secondary to 
depressed neuronal metabolism in 
keeping with coupling of blood flow 
and metabolism. Problematically, in 
experimental SD, glucose metabolism 
is either increased or unaltered so 
that there appears to be an 
uncoupling of flow and metabolism," 
perhaps because the spreading depo- 
larization involves intrinsic neurons 
supplying the resistance microves- 
sels? For cerebral metabolism to 
remain unchanged under conditions of 
decreased cerebral perfusion necessi- 
tates an increased extraction of oxy- 
gen from the circulation. An increased 
oxygen extraction fraction has been 
reported in a few cases studied by 
positron emission tomography." 
These studies are still too few to allow 
confidence in this finding. However, 
an increase in oxygen extraction frac- 
tion would also be seen if the primary 
event causing the aura of neurologic 
deficit was vasospasm. Shunting or 
steal of blood flow away from the 
intracranial into the extracranial cir- 
culation could produce the same 
changes." Until there is more evi- 
dence that blood flow and metabolism 
do become uneoupled in SD, a primary 
vascular origin for migraine cannot be 
ruled out. 

The studies by Moskowitz" follow- 
ing on the classie work of Ray and 
Wolff? have brought us closer to an 
understanding of the mechanism of 
head pain in the migraine attack. 
These experiments have elegantly 
shown the trigeminovascular path- 
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ways involved in arterial pain sensi- 
tivity. There has always been a prob- 
lem in linking the CNS deficits in 
migraine to the pain experienced by 
the patient. It is now possible to rec- 
oncile these points by postulating that 
SD depolarizes the sensory nerve 
fibers of the trigeminovascular sys- 
tem to cause release of substance P or 
other substances involved in the acti- 
vation of pain mechanisms. Substance 
P may increase vascular permeability, 
degranulate mast cells, and stimulate 
prostaglandin synthesis, surrounding 
the artery with painful sterile inflam- 
mation. The time from onset of the 
aura to the headache, usually up to 30 
minutes, may be accounted for by the 
time it takes for the depolarizing 
wave to pass from its site of origin 
into those parts of the cerebral cortex 
that are supplied by pain-sensitive 
arteries.? In the case of migraine 
equivalents, the spread may cease 
before it reaches these regions. A 
depolarizing wave that affects the 
intrinsic neuronal supply of intrapar- 
enchymal capillaries? might also 
explain the brain swelling that has 
been observed during a migraine 
attack. Of particular interest, nora- 
drenergic intrinsic neurons thought to 
supply the capillary bed'* predomi- 
nantly influence water exchange 
across the blood-brain barrier rather 
than control cerebrovascular resis- 
tance." 

A discussion of the mechanisms of 
migraine must take account of the 
role of the platelet, which has figured 
so prominently in establishing mi- 
graine as an organic disease. In 
agreement with others," Hilton and 
Cummings concluded that the plate- 
let plays a secondary role in migraine 
pathogenesis and that the platelet 
membrane abnormalities and hyper- 
aggregability are best attributed to 
some systemic metabolic shifts that 
are possibly common to the neuron 
and the platelet. Spreading oligemia 
could produce accumulation of plate- 
lets in low-flow areas encouraged by a 
preexisting platelet hyperaggregabili- 
ty. Release of vasoactive substances 
from the platelet could cause further 
decreases of cerebral blood flow, per- 
haps to ischemic levels." This may 
explain the sometimes subtle neuro- 
logic deficit or the more rarely 
observed infarct that can complicate 
both common and classic migraine.” 

Any unifying approach to migraine 
must also explain the controversial 
differences between common and clas- 
sic migraine? Common migraine is 
headache without symptoms of neuro- 
logic deficit. Classic migraine is head- 
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ache, frequently of similar descrip- 
tion, associated with neurologic defi- 
cit. Migraine equivalents are episodes 
of neurologic deficit without the head- 
ache. Migraine patients may manifest 
all three of these states at any time 
during the natural history of their 
disorder. There is an argument that 
these are not, in fact, different dis- 
eases. Instead, pathophysiologic dif- 
ferences may have been recorded 
because patients were studied at dif- 
ferent mechanistic points in the spec- 
trum of the same disorder, with the 
lack of a clear-cut aura of neurologic 
deficit in common migraine being at 
fault. Perhaps the burst of neuronal 
activity from which the common mi- 
graine originates is sited in relatively 
silent brain areas, eg, frontal and 
limbic cortex. 

In summary, studies such as those 
of Olesen and colleagues have, in the 
last decade, begun to pull together the 
loose ends of the migraine mechanism 
that have so long baffled the scientific 
community. As follows, a unifying 
model that addresses the cause of 
migraine is proposed. 


UNIFYING MODEL 
OF MIGRAINE 


The evidence for an abnormality of 
sympathetic nervous system function 
in patients with migraine has been 
recently reviewed.” We believe that it 
is functional change within the nora- 
drenergic system that constitutes the 
threshold for migraine activation, and 
it is through modulation of sympa- 
thetic activity that potentiators of 
migraine activation exert their effect. 
The well-known involvement of the 
sympathetic system in the "flight or 
fight" defense system and the fre- 
quent association of migraine with 
stress has led us to consider the role 
that Cannon's? cerebral defense sys- 
tem might have in the disorder. Can- 
non recognized that an emotional 
response to a stressful situation, 
although subcortical in expression, 
must first involve discrimination at a 
higher cortical level. For example, the 
emotional response of an individual 
when confronted by a tiger will be 
different if the tiger is recognized to 
be stuffed or alive. This clearly 
requires sensory processing initiated 
by the visual system. The higher corti- 
cal locus that appears to regulate both 
the sensory input and autonomic re- 
sponse to a significant stimulus is the 
frontal granular cortex.” 

There are three major output path- 
ways from the orbitofrontal cortex.? 
One pathway projects to the thalamus 
with selective control over sensory 


channels, which if blocked, prevents 
the visceral response to a meaningful 
stimulus.” A second pathway projects 
to the limbic system and temporal 
lobe and may indirectly control vis- 
ceral responses via the amygdala. The 
third pathway projects to the brain 
stem via the subthalamus and dorsal 
hypothalamus with external collater- 
als to the hypothalamus and has 
direct control over visceral re- 
sponses."*^ This third system proba- 
bly influences peripheral sympathetic 
function and thus the visceral 
responses of the defense reaction to 
stress.” Noradrenergic neurons pro- 
ject from the locus ceruleus and other 
brain-stem structures to the limbic 
system and neocortex and influence 
the higher processing of sensory per- 
ception, learning, and memory in 
response to external events, including 
stress."? Although it is not yet sup- 
ported by direct experimental evi- 
dence, it seems not unreasonable to 
postulate that this noradrenergic sys- 
tem is also activated by orbitofrontal- 
brain-stem projections. 

Some neurons in the frontal cortex 
manifest slow changes in membrane 
potential when the conscious animal 
responds to a tone that forewarns 
cutaneous shock." An ERSP is pro- 
duced when these neurons manifest 
their slow membrane potential shifts. 
We have shown that the release of 
norepinephrine (NE) and its conse- 
quent stimulation of cyclic adenosine 
monophosphate (AMP) is produced in 
the cortex by the same stimulus event 
that evokes the local ERSP (J. E. 
Skinner, PhD, K. M. A. Welch, MD, and 
J. A. Helpern, MS, unpublished find- 
ings, 1983). Furthermore, measure- 
ments of extracellular potassium cur- 
rent show that reduction in potassium 
activity is temporally correlated with 
the waveform of the local ERSP.” The 
ERSP is, in some instances, associated 
with increased neuronal firing.” 

The cortical noradrenergic system 
seems to be involved in the neuromod- 
ulation of at least three independent 
types of cortical activity. Perhaps 
most relevant to migraine, noradren- 
ergic 8-receptor function is necessary 
for certain visual cortex neurons to be 
physiologically reprogrammed by a 
change in visual input.??* In addition, 
long-term potentiation (LTP) of excit- 
atory synaptic input is facilitated by 
the noradrenergic 8-receptor acting 
through adenyl cyclase and cyclic 
AMP with consequent enhancement 
of neuronal action, potential frequen- 
cy, and amplitude." The changes in 
electrophysiologic activity seem to 
occur via an influence on potassium 


Migraine — Welch 





Potentiater 


“Stress” 


ERSP, s-V,, 
NE. cAMP 
K+ 


activator 





Theoretice mode! of cerebral mechanisms involved in initiation of migraine attack. Activator 
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conduction of the neuronal mem- 
brane.” 

The theeretical model of how a 
migraine attack mar be initiated dur- 
ing psycaologic stress is illustrated in 
the Figure. A stressful event is trans- 
duced, projected through zhe thala- 
mus £o "he primary cortex. and then 
relayed to the orbitofrontal cortex 
where a zellular process occurs, which 
initiates activity in neurons that form 
the orbitofrontal-brain-stem path- 
way. The activation of this pathway is 
related -o a set of event-related elec- 
trochenacal responses. There are two 
important features to note. First, a 
given ewent may or may rot be per- 
ceived zs stressful, depending on the 
event-rdated neural transaction that 
occurs n the frontal lobe. Second, 
stress is a cerebral reaction of a par- 
ticular mdividual te a stimulus event 
and not an inherent feature of the 
stressor Therefore, depencing on the 
acquisition of, or adaptation to, a giv- 
en stressor event, the orbitofrontal- 
brain-stem pathway may or may not 
initiate autenomic eutflow. The intra- 
cerebra. injection cf 8-bloekers, such 


Arch NewroH Vol 44, March 1987 


as propranolol hydrochloride (Inder- 
al), into the orbitofrontal-brain-stem 
projection alters autonomic outflow 
by blocking either its initiation in the 
frontal lobes or its relay into the brain 
stem.? The mechanism by which the 
event-related electrochemical corre- 
late of the stressful stimulus evokes 
increased noradrenergic activity is 
unknown, but there can be little doubt 
that experience-dependent modifica- 
tions occur within the linkages that 
are associated with noradrenergic 
transactions. 

In the event that a migraine attack 
is to be initiated, the orbitofrontal- 
brain-stem pathway is triggered, 
thereby increasing both intrinsic and 
extrinsic noradrenergic activity. Evi- 
dence for the latter is well docu- 
mented in patients with migraine.” 
The intrinsic activation is, however, 
speculative. It is postulated that the 
increased activity of noradrenergic 
neurons supplying the neocortex and 
its effect on potassium exchange at a 
neuronal membrane level produces 
further membrane potential shifts in 
the frontal cortex, perhaps thereby 


further increasing the orbitofrontal- 
brain-stem pathway activity. In addi- 
tion, it may cause slow potential shifts 
in other cortical sites, such as the 
occipital lobe. In this way, a strong 
visual stimulus during a stressful 
event might lead to slow potential 
shifts, shifts in extracellular potassi- 
um, spontaneous depolarization, and 
increased firing of neurons in the 
occipital cortex, which could, in theo- 
ry, initiate scintillating phenomena 
and the development of scotoma. The 
precise steps leading from the postu- 
lated increased sensitivity for neuro- 
nal depolarization to the development 
of spreading depression are uncertain. 
However, the development of spread- 
ing depression is clearly related to 
shifts in extracellular potassium.‘ 


SUPPORTIVE EVIDENCE 
FOR THE MODEL 


What is the evidence of enhanced 
excitability and spontaneous depolar- 
ization of cortical neurons in patients 
with migraine? The evidence is indi- 
rect and draws on comparison be- 
tween migraine and epilepsy. The 
noradrenergic system is increasingly 
thought to have a modulating influ- 
ence on the threshold for spontaneous 
depolarization of neurons that initiate 
epileptic attacks. The initiation of 
the attack may result from the same 
shifts in potassium exchange across 
neuronal membranes that have been 
reviewed in relation to migraine.” The 
disorders of migraine and epilepsy 
coexist to a degree greater than 
expected by chance.* In addition, 
symptoms of each disorder bear 
resemblance in sensory, memory, and 
language disorders as well as other 
more unusual eonditions, such as 
metamorphopsia and dreamy states. 
Hypoglycemia, as in epilepsy, can 
activate a migraine attack, probably 
because normoglycemia is important 
for the maintenance of physiologic 
ionic gradients across the neuronal 
membrane. 

The concept of a threshold must be 
supported by evidence of variable 
functional activity of the brain 
between migraine attacks. The evi- 
dence for this is sparse, but electro- 
physiologic abnormalities and vari- 
ability in cerebral blood flow control 
have been reported.” Although one 
could argue that these findings might 
be secondary to repeated severe 
attacks of migraine, in many 
instances they are found in young 
patients with infrequent attacks. 

Perhaps the most convincing sup- 
port of our model is provided by the 
measurements of increased contin- 
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gent negative variation amplitude, a 
specific ERSP, between attacks in 
patients with migraine." Those pa- 
tients with the highest contingent 
negative variation were the best 
responders to the use of $-blocker 
drugs in the prophylaxis of migraine 
attack. The particular relevance of 
this work to our model relates to the 
experimental demonstration of the 
noradrenergic basis of the ERSP 
referred to earlier. Increased periph- 
eral noradrenergic activity was also 
demonstrated in the same patients.? 
This work contrasts with evidence for 
reduced peripheral sympathetic activ- 
ity found in others," which, although 
difficult to reconcile, is nevertheless 
evidence of fluctuating noradrenergic 
function. 

The concept of hypothalamic abnor- 
mality in migraine is not new, 
although it has not been linked to the 
orbitofrontal-brain-stem pathway 
and the intrinsic noradrenergic sys- 
tem. Rao and Pearce“ proposed that a 
disturbance of hypothalamic activity 
could account for periodicity of 
migraine and also, through connec- 
tions with the limbic system, explain 
the role of emotional stress. The pro- 
drome of a migraine attack experi- 
enced by some patients beginning 
hours or days before an attack and 
consisting of such symptoms as yawn- 
ing, food craving, fatigue, euphoria, 
depression, and emotional lability 
could also be explained by functional 
changes in the limbic-hypothalamic 
centers. 

In recent years, the biobehavioral 
mechanisms of sudden death have 
received increased attention. The 
same cortical circuitry described 
above was first invoked to explain 
cardiac vulnerability and the sudden 
death associated with stress and 
bereavement.“ This perhaps explains 
the increased incidence of myocardial 
infarction and death at a younger age 
in patients with migraine.” Cardiac 
migraine, the rare and puzzling condi- 
tion of episodic chest pain with elec- 
trocardiographic changes attributed 
to migraine,” also becomes more 
understandable. 

The benefit from pharmacologic 
prophylaxis of migraine can be 
explained on the basis of the model 
presented herein. 6-Blockers may 
work at the level of the descending 
orbitofrontal-brain-stem pathway or 
directly on the noradrenergic system, 
particularly by influencing synaptic 
potassium currents. Serotonergic 
blockade might produce its effect by 
inhibiting the locus ceruleus to which 
serotonergic neurons project. Pros- 
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taglandin inhibitors might be effec- 
tive via theirmodulatory role on nora- 
drenergic function.” Calcium channel 
blockers may be effective by interfer- 
ing with synaptic caleium-dependent 
potassium channels.” 

Earlier in this article, it was pro- 
posed that the cause of migraine 
might be sought among those factors 
that modulate intrinsic sympathetic 
activity and, thus, the threshold for 
an attack. An obvious candidate is the 
hormone estrogen, in view of the dis- 
tinct sex differences in migraine prev- 
alence.” There are also important sex 
differences m brain noradrenergic 
function. We have reasoned that fluc- 
tuations in estrogen levels alter nora- 
drenergic function, via the prejunc- 
tional o; receptor, thus accounting for 
the relationship of migraine to men- 
struation. 

Theoretically, any substance that 
alters the metabolic pathway of NE 
could alter function of the sympathet- 
ic neuron. Under some circumstances 
such metabolic shifts increase the 
production of byproducts that act as 
false neurotransmitters. In this con- 
text, tyramine has been implicated as 
a cause or activator of a migraine 
attack.“ Body sources of tyramine and 
its active metabolite, octopamine, are 
derived from endogenous decarboxy- 
lation of tyrosine, as well as directly 
from the diet. Tyrosine is also the 
parent amino acid for NE synthesis. 
The physiologic balance between NE 
production and production of tyra- 
mine and octapamine is unknown, but 
an unphysiologic shift in favor of 
octopamine could lead to its accumu- 
lation and activity as a false neuro- 
transmitter at the noradrenergic ter- 
minal.” The investigation of false 
neurotransmitters such as octopam- 
ine might be a worthy new field of 
study in migraine research. 

In conclusion, migraine is a biobe- 
haviorally based dysautonomia in- 
volving principally the intrinsic nora- 
drenergic nervous system and its 
putative orbitofrontal connections. 


My colleagues James E. Skinner, PhD, and 
Giovanni D’ Andzea, MD, made important con- 
tributions to the eoncepts of this article. 
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explanation that spreading oligemia 
may enhance accumulation of plate- 
lets in low-flow areas, releasing vaso- 
active substances and further de- 
creasing blood flow, perhaps to is- 
chemic levels. 

The differences between the con- 
tributors are largely conceptual. Dr 
Olesen with forcefulness derived from 
his own findings, argues that common 
and classic migraine are different 
entities and that "the painful phase of 
the attack remains essentially unex- 
plained." Dr Welch places common 
and classic migraine on a continuum, 
potentially afflicting everyone, and he 
links the aura, pain, and associated 
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symptoms into one admirably com- 
prehensive model. 

Dr Olesen, by demonstrating that 
the decreased cerebral blood flow in 
migraine spread across vascular terri- 
tories, provided the most direct evi- 
dence that migraine is not a primary 
vascular entity. Dr Welch explains 
migraine as a central nervous system 
dysautonomia, of which vascular phe- 
nomena are but a part. Dr Welch 
offers a testable conceptual synthesis 
as intriguing and as compelling as 
migraine itself. 

—VLADIMIR HACHINSKI, MD, FRCP(C) 
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When SINEMET is to be given to patients who are 
being treated with levodopa, levodopa must be 
discontinued at least 8 hours before therapy with 
SINEMET is started. In order to reduce adverse 
reactions, it is necessary to individualize therapy. 
See the Warnings (below) and Dosage and 
Administration sections in the Prescribing Infor- 
mation before initiating therapy. 


Contraindications: MAO inhibitors and SINEMET 
should not be given concomitantly. MAO inhibitors must 
be discontinued at least 2 weeks prior to initiating ther- 
apy with SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle 
glaucoma. 

Because levodopa may activate a malignant 
melanoma, it should not be used in patients with sus- 
picious, undiagnosed sxin lesions or history of 
melanoma. 


Warnings: Levodopa must be discontinued at least 8 
hours before SINEMET is started. SINEMET should be 
substituted at a dosage thet will provide approximately 
25 percent of the previous levodopa dosage. (See Dos- 
age and Administration section of Prescribing Informa- 
tion.) Patients taking SINEMET should be instructed not 
to take additional levodopa unless prescribed. 

As with levodopa, SINEMET may cause involuntary 
movements and mental disturbances. These reactions 
may be due to increased brain dopamine following 
administration of levodopa. All patients should be 
observed carefully for development of depression with 
concomitant suicidal tencencies. Treat with caution 
patients with past or currert psychoses. Because car- 
bidopa permits more levoaopa to reach the brain and, 
thus, more dopamine to be formed, dyskinesias may 
occur at lower dosages anc sooner with SINEMET than 
with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to 
patients with severe cardiovascular or pulmonary dis- 
ease, bronchial asthma, renal, hepatic or endocrine 
disease. 

Exercise care in administering SINEMET, as with 
levodopa, to patients with history of myocardial infarc- 
tion who have residual atrial, nodal, or ventricular ar- 
rhythmias. In such patients, cardiac function should be 
monitored with particular care during period of initial 
dosage adjustment, in a facility with provisions for 
intensive cardiac care. 

As with levodopa, there is possibility of upper Gl 
hemorrhage in patients with history of peptic ulcer. 

A symptom complex resembling the neuroleptic 
malignant syndrome including muscular rigidity, ele- 
vated body temperature, mental changes, and 
increased serum creatine phosphokinase has been 
reported when antiparkinsonian agents were with- 
drawn abruptly. Therefore, patients should be observed 
carefully when the dosage of SINEMET is reduced 
abruptly or discontinued, 2specially if the patient is 
receiving neuroleptics. 

Usage in Pregnancy and Lactation: Although 
effects of SINEMET on human pregnancy and lactation 
are unknown, both levodopa and combinations of car- 
bidopa and levodopa have caused visceral and skeletal 
malformations in rabbits. Use of SINEMET in women of 
childbearing potential requires that anticipated benefits 
of the drug be weighed against possible hazards to 
mother and child. SINEMET should not be given to 
nursing mothers. 

Usage in Children: Safety of SINEMET in patients 
under 18 has not been established. 


Precautions: As with levodopa, periodic evaluations of 
hepatic, hematopoietic, cardiovascular, and renal func- 
tion are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular 
pressure is well controlled and patient is monitored 
carefully for changes in intraocular pressure during 
therapy. 

Laboratory Tests: Abnormalities in laboratory tests 
may include elevations of liver function tests such as 
alkaline phosphatase, SGOT (ALT), SGPT (AST), lactic 
dehydrogenase, and bilirubin. Abnormalities in protein- 
bound iodine, blood urea nitrogen, and positive 
Coombs test have also been reported. Commonly, 
levels of blood urea nitrogen, creatinine, and uric acid 


are lower during administration of SINEMET than with 
levodopa. 

SINEMET* (Carbidopa-Levodopa, MSD) may 
cause a false-positive reactien for urinary ketone bodies 
when a test tape is used fordetermination of ketonuria. 
This reaction will not be altered by boiling the urine 
specimen. False-negative tests mey result with the use 
of glucose-oxidase methods of tes-ing for glucosuria. 

Drug Interactions: Caution snould be exercised 
when the following drugs are administered concomi- 
tantly with SINEMET 

Symptomatic postural hypotension can occur 
when SINEMET is added to the treatment of a patient 
receiving antihypertensive drugs. Therefore, when ther- 
apy with SINEMET is started, dosage adjustment of the 
antihypertensive drug may. be required. For patients 
receiving monoamine oxidase inhibitors, see 
CONTRAINDICATIONS. 

There have been rare reports of adverse reactions, 
including hypertension and dyskinesia, resulting from 
the concomitant use of tricyclic antidepressants and 
SINEMET. 

Phenothiazines and butyrophenones may reduce 
the therapeutic effects of levodopa. In addition, the 
beneficial effects of levodopa in Parkinson's disease 
have been reported to be reversed by phenytoin and 
papaverine. Patients taking these drugs with SINEMET 
should be carefully observed for loss of therapeutic 
response 
Adverse Reactions: Most comrron serious adverse 
reactions occurring with SINEMET are choreiform, dys- 
tonic, and other involuntary movements. Other serious 
adverse reactions are mental changes including para- 
noid ideation and psychotic episoces, depression with 
or without development of suicidal tendencies, and 
dementia. Convulsions also have occurred; however, a 
causal relationship with SINEMET has not been 
established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irreg 
larities and/or palpitations, orthostatic hypotensi 
episodes, bradykinetic episcdes (tre "on-off" pheno 
enon), anorexia, vorniting, and dizziness. 

Rarely, GI bleeding, deveiopment of duodenal 
hypertension, phlebitis, hemolytic and non-hem: 
anemia, thrombocytopenia, leukopenia, and ag 
cytosis have occurred. 

Laboratory tests which have been reporte 
abnormal are alkaline phosphatase. SGOT (ALT), 
(AST), lactic dehydrogenase. bilirubin, blood uree. 
gen, protein-bound iodine, and Coombs test. 

Other adverse reactions that Fave been repo 
with levodopa are: Nervous System ataxia, numbn 
increased hand tremor, muscle twitching, blepha 
spasm (which may be taken as an early sign of exce! 
dosage, consideration of dosage reduction may b! 
made at this time), trismus, activaticn of latent Horner's 
syndrome. Psychiatric: contusion, sleepiness, insom- 
nia, nightmares, hallucinations, delusions, agitation, 
anxiety, euphoria. Gastrointestinal: dry mouth, bitter 
taste, sialorrhea, dysphagia, bruxism, hiccups, abdomi- 
nal pain and distress, constipation, diarrhea, flatulence, 
burning sensation of tongue. Metabolic: weight gain or 
loss, edema. /ntegumentary: flushing, increased 
sweating, dark sweat, skin rash, loss of hair. Genitouri- 
nary: urinary retention, urinary incortinence, dark urine, 
priapism. Special Senses: diplopia, blurred vision, 
dilated pupils, oculogyric crises. Miscellaneous: weak- 
ness, faintness, fatigue, heacache, hoarseness, 
malaise, hot flashes, sense of s'imulation, bizarre 
breathing patterns, neuroleptic malignant syndrome. 
Overdosage: Management of acu:e overdosage with 
SINEMET is basically the same as management of 
acute overdosage with levodopa; however, pyridoxine 
is not effective in reversing the actions of SINEMET. 

How Supplied: Tablets SINEMET 10-100, SINEMET 
25-100, and SINEMET 25-250 are supplied in bottles of 
100 and unit dose packages of 100. 
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must be protected from light. 1185(DC6834814) 
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Obituery 


Wilbur K. Smith, MD (1902-1986) 


David O. Marsh, MD 


Wilbur K. Smith, MD, died in Roch- 
ester, N7, on July 19, 1986, in his 84th 
year, 56 years after he joined other 
Johns Hopkins medical alumni on the 
faculty of the young University of 
Rechester School of Medicine and 
Dentistry. Prominent among these 
were George H. Whipple, MD, dean; 
George W. Corner, MD, chairman of 
anatomy; and the chairmen of surgery 
and pediatrics. The first half of Dr 
Smith's academic career was devoted 
to basic research and the teaching of 
neuroanatomy, but also included, in 
1988, a climical clerkship at the 
Nationa Hospital, Queen Square, 
London. This experience stimulated 
an endu-ing interest in clinical neu- 
rology. A few years later, without 
further »ormal training, he added the 
clinical »ractice of pediatric neurolo- 
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Wilbur K. Smith, MD, 1902-1986 


gy to his activities in the basic neuro- 
sciences. His studies on the primate 
cortex resulted in publications on the 
limbic system! and frontal eye fields,’ 
which established his international 
reputation. Equally and perhaps more 
important was his special gift for 


Cervieal Diastematomyelia 


Report of a Case and Review of a Rare Congenital 


Richard E. Simpson, Jr, MD, PhD, James E. Rose, MD 


è Cervical diastematomyelia is a rare 
congenital abnormality. To our knowl- 
edge, ony 18 cases have been reported. 
The present case was highly unusual in 
that it occurred in an adult. Other clinical 
features in the present case included 
symptoms that began after trauma and 


the presence of other associated congen- 

ital anomalies. The diastematomyelia was 

identified with computed tomographic 

metrizamide myelography and magnetic 

resonance imaging. The patient's neuro- 

logic deficits improved with surgery. 
(Arch Neurol 1987;44:331-335) 
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relating with students and fostering 
enthusiasm. In return he enjoyed 
their collaboration, respect, and long- 
term friendship. On reaching retire- 
ment age in 1968, he relinquished his 
full-time position as professor of 
anatomy and pediatric neurology, 
became emeritus professor of pediat- 
ric neurology, and continued to see 
patients in the private office of a loyal 
former student and colleague. Many 
will recall his academic achievements, 
his engaging attitude toward authori- 
ty, and his role in the development of 
younger colleagues. Few have been as 
successful in sponsoring distinguished 
careers in neurology. 
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Anomaly 


[iastematomyelia is a congenital 
abnormality in which the spinal 
cord is longitudinally divided by a 
septum of fibrous tissue, cartilage, or 
bone.^ Diastematomyelia was re- 
ported at autopsy as early as 1624. 
According to French,’ only 314 cases 
have been reported. The majority of 
cases occur in the thoracic or lumbar 
areas. To our knowledge, .only -20 
- A 34 
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Documented Cases of Cervical Diastematomyelia 


No. of 
Source, y Cases 


Fischer,® 1889 


Age, y Sex 
Newborn 


Upper cervical 


Symptom 
Duration 


Presentation 
Autopsy 


Location 


Associated 
Malformation 
Spina bifida, 
myelomeningocele, 
club foot 


Operative 
Results 





Ammon, cited 1 
in Bruce et 
al,’ 1906 

Avery et al, '° 1 35 d F 
1936 





Walker,'' 1944 


Gunderson and M 
Solitare, !? 
1968 


Mackenzie and Infants 
Emery, !? 
1971 


James and 
Lassaman,?9 
1972 

Giordano et 1 11 M 
al,'4 1982 

Naidich et al, '5 
1983 

Whittle and 
Besser, '§ 
1983 

Beyerl et al,® 
1985 


Levine et 


al, 1771985 
Anand et al,® 
1985; 
Kuchner et 
al,’ 1985 


Present case, M 
1986 


cases of diastematomyelia have been 
reported in adults and only three 
cases of adult cervical diastemato- 
myelia have been described.?*’ 
Cervical  diastematomyelia was 
first described by Fischer? in 1889. 
Seventeen other cases have been 
adequately documented since that 
time*??' (Table). The condition is 
most frequently found in neonates at 
autopsy.» Diastematomyelia is 
often found in association with other 
congenital abnormalities.'** Patients 
with cervical diastematomyelia often 
have craniovertebral junction abnor- 
malities.'^ Because the number of 
patients with this anomaly is small, 
there are no generally recognized cri- 
teria for diagnosis, neurologic exami- 
nation, and surgical treatment. 
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Upper cervical 


Last two cervical 


C-4 to C-5 


C-7 to T-1 


C-6 to C-7 


C-2 to C-3 


Inferior cervical 


C-6 to C-7 


Cervical and Autopsy 
upper thoracic 
C-1 to T-4 Autopsy 


(malnutrition) 


Trauma 
(quadriparesis, 
polio) 

Autopsy 
(pneumonia) 


Autopsy 
segments 


Tetraplegia 


C- 1 Gait dis:urbance, 


arm weakness 
Unknown 


Trauma (gait 
disturoance) 


Trauma (gait 
disturoance, arm 
weakness, 
sphincter 
incontinence) 

Trauma (gait 
disturoance) 

Trauma (left 
hemiplegia, right 
hypalgesia and y 
dysesthesia) 

Trauma 
(quadriparesis) 





REPORT OF A CASE 


A 19-year-old man presented with a 
three-year history of neck pain and pro- 
gressive weakness of his extremities, most 
marked in his right arm. His right leg 
“bounced” involuntarily on stepping. He 
denied sensory abnormalities or loss of 
bowel or bladder funetion. His symptoms 
were exacerbated one year prior to admis- 
sion after a flexion-extension neck injury 
in an automobile accident. His medical 
history revealed a diaphragmatic hernia 
diagnosed at birth and multiple abdominal 
hernia repairs in childhood. He also had 
surgical correction of gynecomastia and 
urethral stricture. He was an adopted child 
and his family history was unknown. 

On examination, the patient demon- 
strated bilateral ptosis, a condition he 
described as unchanged since birth, blunt, 
coarse facies, a high arched palate, and 
webbing of his neck. Cranial nerve exami- 


Long history 


Acute, 27 d; odd 
symptoms, 18 


Spina bifida 


Sprengel’s deformity, 
KlippeFFeil, 
torticollis, 
strabismus, wide 
palpebral fissure 


Spina bifida occulta 





Klippel-F ail, 
arachrodactyly, 
pterygium coli, 
low-set ears 


Chiari type Il 


Refused 
operation 


Unknown Unknown 


Chiari type Il 


Normal gait Klippel-Feil, webbed 


neck 


Improved 
gait, no 
incontinence 


Cafe au lait spots 


Unknown Klippel-Feil, webbed 


neck 
Normal motor Cervical rib 
examination, 
minimal 
paresthesia 
Improved 
strength 


Webbed neck, blunt 
facies, ptosis, 
short thick arms, 
multiple hernias, 
gynecomastia, 
urethral stricture 


nation revealed a slight right deviation of 
his tongue. He had a mild right lateral 
gaze nystagmus, but otherwise, results of 
his ocular, visual, and funduscopic exami- 
nation were normal. No other cranial nerve 
deficits were noted. No Horner’s sign was 
detected. The patient’s mental status was 
normal. His neck was very short and 
exhibited restricted movement in all direc- 
tions and muscle spasm. His extremities 
were short and thick, with distal muscle 
atrophy. Fasciculations were evident in his 
right arm. 

Motor testing showed that deltoid, 


biceps, triceps, and wrist extensor 
strengths were 4/5 bilaterally. Interossei, 
finger flexor, and finger extensor 


strengths were 2/5 bilaterally. Lower 
extremity testing showed that iliopsoas, 
quadriceps, ankle dorsiflexion, and toe 
extensor strengths were 4/5 bilaterally. 
Hamstring and gastrocnemius strengths 
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Fig 1. —FP-zindateral cervical spine film reveals 
abnormal wezging of C-6 and C-7 vertebral 
bodies. 


were 4/5 bilaterally. Cerebellar function 
was normal. Results of the patient's senso- 
ry examimatien were normal. Deep-tendon 
reflexes were diffusely hyperactive. Sus- 
tained amkle clonus and Babinski's sign 
were noted Bilaterally. No hyperactive jaw 
jerk was detected. Results of the remain- 
der of tae neurologic examination were 
normal. 

Cervical sp: ne films, with flexion-exten- 
sion views. revealed wedging of the C-6 and 
C-7 vertebral bodies with C6-7 and C7-T1 
disk-space narrowing (Fig 1). There was a 
3-mm subluxation of C-6 on C-7 (C-6 ante- 
rior) also noted. Pantopaque myelography 
revealed only a questionably atrophic spi- 
nal eord trem C-4 to T-1. A computed 
tomographic (CT) metrizamide myelo- 
gram, however, showed division of the spi- 
nal cord mto “wo unequal structures at the 
C-6 and C-7 levels (Fig 2). The spinal cord 
was a sinxlar structure at all other levels 
The C-7 vertebral body was noted to have a 
central cft in the inferior portion and a 
bony spieule, projecting dorsally, arising 
from the superior portion. The spicule 
extended through the defect dividing the 
spinal cord. Bhe thecal sac appeared to be 
smaller taan normal at the C-5 to C-6 level 
Because cf tme patient's history of trauma 
and the inusual defects observed on CT 
imaging, a magnetic resonance image 
(MRI) wes obtained. No syrinx, cord wid- 
ening, or “rnold-Chiari malformation was 
noted. Hewexer, two cord structures were 
detected on axial views (Fig 3). 

Because of ihe patient's history of cervi- 
cal spine trauma, vertebral instability was 
considered to be the cause of the aggrava- 
tion of his myelopathy. A two-stage surgi- 
cal procedure was performed. The initial 
operatior was an anterior cervical fusion 
at the C-E to*€-6, C-6 to C-7, and C-7 to T-1 
levels, wiz. external immobilization using 
a halo brace. This was followed, two 
months lzter, by a C-5 to T-1 laminectomy. 
At lamineetemy, widening of the interspi- 
nous spaees znd ligamentous laxity were 
observed. An ultrasound image was 
obtained after the dura was exposed (Fig 
4). Ditaster:iatomyelia was verified and the 
septum was clearly visualized. The dura 


Arch Neural— Vol 44, March 1987 





Fig 2.—Axial computed tomographic metrizamide myelogram revealing diastematomyelia, 
septum, and bony spicule at superior edge of C-7 (left), and central fissure dividing inferior 


portion of C-7 vertebral body (right). 
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Fig 3.— Magnetic resonance imaging revealing diastematomyelia on axial view (arrows). 


was opened, revealing fibrous material 
separating two cord structures. The two 
asymmetric cord structures were then sep- 
arated from the septum, which was 
removed. Following decompression, the 
spinal cord was observed to pulsate nor- 
mally 

Postoperatively, the patient had im- 
provement in interossei, finger flexor, and 
finger extensor strengths to 3/5 bilateral- 
ly. Examination two months following dis- 
charge revealed deltoid, biceps, and triceps 
strengths to be 5/5 bilaterally, strength of 
wrist extensors and flexors and finger 
extensors to be 4/5 bilaterally, and interos- 
sei strength to be 3/5 bilaterally. Right leg 


muscle strength was normal. Left iliopsoas 
strength was normal. Left quadriceps, 
hamstring, dorsiflexor, and plantar flexor 
strengths were 4+/5. Deep-tendon reflexes 
remained hyperactive. Filateral ankle clo- 
nus and Babinski’s sign persisted. No other 
changes in the results of the patient’s 
neurologic examination were noted. 


COMMENT 


Diastematomyelia may exist in var- 
ious forms, from true duplication of 
the spinal cord, with each cord sur- 
rounded by separate cural sheaths, to 
partial separation of the cord, with or 
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Fig 4.—Intraoperative sonographic images of diastematomyelia and septum, axially, reveal 
diastematomyelia and septum. 


without a septum. The classic fea- 
tures of diastematomyelia have been 
well documented in recent mono- 
graphs by Maroun et al' and James 
and Lassaman. Because cervical dia- 
stematomyelia is so rare, few discus- 
sions regarding the clinical features 
and treatment are available. Al- 
though the benefits of surgery for 
thoracic or lumbar diastematomyelia 
have been repeatedly described, such 
information has not been well docu- 
mented regarding the cervical 
form.'?” 

Diastematomyelia usually occurs in 
association with other congenital 
anomalies.'* Concerning the thoracic 
or lumbar lesions, cutaneous anoma- 
lies such as hypertrichosis, nevi, and 
dermal sinuses have been reported.’ 
Underlying neural defects such as spi- 
na bifida occulta and myelomeningo- 
cele may be associated with patients 
with diastematomyelia.*"*’ Pes cavus, 
clubfoot, and other structural abnor- 
malities of the lower extremities are 
also commonly found.'? Cervical dia- 
stematomyelia, however, appears to 
be more closely associated with 
abnormalities of the craniovertebral 
junction. '°!2 

Cervical diastematomyelia appears 
in conjunction with the Klippel-Feil 
syndrome and Chiari type II malfor- 
mations,.!®!235.1621 Autopsies of pa- 
tients with Klippel-Feil syndrome 
often reveal varied degrees of cervical 
diastematomyelia.^" Mackenzie and 
Emery" found that 6% of infants with 
Chiari type II malformations have an 
associated cervical diastematomyelia. 
Patients with cervical diastemato- 
myelia also have other abnormal fea- 
tures, such as low-set ears, wide 
palpebral  fissures, and webbed 
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neck.?*»:*" As with the thoracic and 
lumbar variety, cervical diastemato- 
myelia is often found in children, pre- 
dominantly in females.'* 

Several theories have been proposed 
regarding the origin of diastemato- 
myelia.??' In general, these theories 
describe abnormal developmental in- 
teraction between the embryonic 
mesoderm and ectoderm as a result of 
intrauterine injury. If the theories are 
valid, this would suggest that cranio- 
vertebral junction abnormalities and 
cervical diastematomyelia represent 
different levels of a continuum of cer- 
vical spinal dysraphisms. 

Patients with cervical diastemato- 
myelia generally present with neuro- 
logic symptoms following a traumatic 
event.*”!''*!? Such patients are usually 
treated conservatively for a variable 
period of time, and tend to demon- 
strate a slow progression of radicular 
and/or myelopathic symptoms. Al- 
though occasionally suspected þe- 
cause of evidence obtained in radio- 
logic studies, cervical diastematomye- 
lia is often confirmed only at sur- 
gery.''!* Deeompressive surgery of 
the anomalous spinal cord, with 
removal of the septum, if present, has 
been shown to improve or halt the 
progression of neurologic defi- 
cits. In the present case, stabili- 
zation via anterior cervical fusion, fol- 
lowed by laminectomy and removal of 
the septum, resulted in significant 
return of motor function. 

Plain cervical spine films and rou- 
tine myelography often fail to reveal 
the condition, although spina bifida is 
sometimes suspected.'**"  Metriza- 
mide myelography with high-resolu- 
tion CT provides better imaging. In 
the present case, MRI also showed the 


diastematomyelia and ruled out other 
intramedullary pathology. Intraoper- 
ative ultrasound images clearly dem- 
onstrated the precise location of the 
septum and the extent of the divided 
spinal cord without manipulation of 
neural tissue. These images were also 
helpful in determining which cervical 
spine levels should be treated for ade- 
quate decompression. 

Although quite rare, cervical dia- 
stematomyelia has been reported with 
increasing frequency due to better 
diagnostic procedures.*" This condi- 
tion should be suspected in patients 
with other craniovertebral junction 
anomalies, especially the Klippel-Feil 
syndrome or Arnold-Chiari malfor- 
mations.^/* The presence of subtle 
abnormal physical features, or forme 
frustes reflecting congenital aberra- 
tions,? in these patients also suggests 
that cervical diastematomyelia ex- 
ists. 5*!/5 Since cervical diastemato- 
myelia is usually disecvered after 
trauma that has resulted in progres- 
sive myelopathy or radiculopathy,*” 
patients suspected of harboring this 
condition should be carefully followed 
up and evaluated with CT metriza- 
mide myelography or MRI studies. 
Although the number of reported 
patients is too small to formulate a 
definitive treatment protocol, cervical 
spine exploration, decompression, and 
stabilization should be strongly con- 
sidered if neurologic deficits, especial- 
ly progressive ones, are detected. 
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* Recent studies of infantile autism 
using computed tomographic scanning 
emphasized the importance of studying 
cases of classic autism (Kanner’s syn- 
drome) without complicating conditions 
such as mental retardation. Computed 
tomographic scan studies of such 
patients seperted no evidence of anatom- 
ical abrormalities of cerebral hemi- 
spheres or of subcortical structures, 
which are defined by landmarks such as 
the lateral ventricles and lentiform nuclei. 
Examination of the cerebellum was not 
mentioned. The most recent postmortem 
neuropatholegic study reported signifi- 
cant cerebellar abnormality, but the study 
was of a severely retarded autistic indi- 
vidual. Using magnetic resonance imag- 
ing, we have *ound in vivo evidence of a 
significant amd unusual cerebellar malfor- 
mation in a person with the classic form of 
autism uncomplicated by mental retarda- 
tion (current nonverbal IQ = 112), epilep- 
sy, history of drug use, postnatal trauma, 
or disease. The finding showed hypopla- 
sia of the ceclive, folium, and tuber in 
posterior vermis, but not of the anterior 
vermis, and hypoplasia of only the medial 
aspect o: each cerebellar hemisphere. 
The right posterior cerebral hemisphere 
also showed pathologic findings. 

(Arch Neure! 1987;44:335-341) 
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[ nfantile autism is a neural disorder 

that severely affects social, lan- 
guage, and cognitive development.'* 
The etiology of infantile autism is 
unknown. The neuroanatomical sub- 
strates associated with this disorder 
have not been firmly established. 
While there have been computed 
tomographic (CT) scan reports that 
subgroups of autistic persons have 
anomalous cerebral asymmetries 
(right parieto-occipital regions wider 
than left’) or abnormalities of the 
ventricular system,’ there have also 
been reports that these structures are 
clinically normal in most autistic per- 
sons? or are similar in autistic and 
matched control groups.’ It has been 
argued that mental retardation has 
been a complicating factor in some CT 
scan studies and that CT abnormali- 
ties could just as well be related to 
mental retardation as they are to 
autism." 

Recently, therefore, emphasis has 
been placed on the importance of 
studying patients with classic autism 
(Kanner's syndrome) uncomplicated 
by concurrent conditions such as men- 
tal retardation.^!"* According to this 
view, to determine which conditions 
must be present for autism to develop 
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or which conditions are associated 
specifically with autism, it is neces- 
sary to study individuals who do not 
have concurrent conditions that may 
significantly contribute to observed 
abnormalities above and beyond those 
due to autism alone. 

Computed tomographic scan studies 
of such classic cases of autism have 
found no evidence of anatomical 
abnormalities of cerebral  hemi- 
spheres or of subcortical structures 
that are defined by landmarks such as 
the lateral ventricles and lentiform 
nuclei.'^:5 

Examination of the cerebellum has 
not been mentioned in the CT scan 
reports on classic cases of autism, 
and, in fact, there are no in vivo or 
postmortem reports examining the 
cerebellum in such classic cases. How- 
ever, with regard to retarded autistic 
cases, significant pathologic features 
of the cerebellum were found in five of 
a total of eight cases in three 
reports.'** All eight individuals 
studied were severely retarded, and 
had a wide variety of complicating 
disorders and traumas, including phe- 
nylketonuria, severe concussions, and 
epilepsy. In one of these reports, Bau- 
man and Kemper? found, in the post- 
mortem study of a severely retarded 
man, marked Purkinje cell loss in the 
neocerebellum, as well as cell loss in 
several deep cerebellar nuclei—fastig- 
ial, globose, and emboliform. In a sec- 
ond report," CT scans of all three 
severely retarded “autistic” children 
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Fig 1.—Magnetic resonance images of midline sagittal section in normal subject (left) and midline sagittal (center) and 
axial (right; 7.5 mm above fourth ventricle) sections in nonretarded patient with infantile autism. In latter, hypoplasia of 
superior posterior vermis (pv), which includes declive, folium, and tuber, and of medial aspect of cerebellar hemispheres 
(m) is evident. Folia of pv are incompletely formed. Cisterna magna (cm) is enlarged. Other midline structures, including 
fourth ventricle (IV), brain stem, diencephalon, corpus collosum (cc), and medial cortical areas (eg, cingulate gyrus [ci]), 


appear normal. 


studied showed hyoplasia of the cere- 
bellum, especially in the vermal por- 
tion. The three children ranged in age 
from 20 to 44 months, and their intel- 
lectual developmental level ranged 
from 2 to 6 months. In a third report 
of individuals with autisticlike behav- 
ior, marked Purkinje cell loss was 
reported in one of four cases studied. 
Of the three cases for whom there was 
no report of cerebellar pathology, one 
showed evidence of phenylketonuria. 
Another suffered a cerebral concus- 
sion during the fourth year of life and 
showed no learning for almost 18 
months thereafter, but he did develop 
bonds of attachment with his mother. 
The third was a girl who showed 
normal development during the first 
18 months and then a progressive 
degeneration of function, including 
hand wringing, posturing of the upper 
extremities, and grimacing. The clini- 
cal picture of this third child is sug- 
gestive of Rett's syndrome.? In sum- 
mary, then, cerebellar anatomical 
abnormalities have only been found in 
autistic persons with severe mental 
retardation and epilepsy—either of 
which may be correlated with cerebel- 
lar pathologic findings. 

Currently, the brain imaging tech- 
nology that yields the most anatomi- 
cal detail is magnetic resonance imag- 
ing (MRI). In particular, MRI is much 
superior to CT technology in imaging 
the cerebellum and the periphery of 
the brain. In the present report, MRI 
was used to examine the cerebellum, 
cerebral cortex, and subcortical struc- 
tures in a nonretarded, high-function- 
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ing person with autism but without 
complicating syndromes. 


REPORT OF A CASE 


A 21-year-old right-handed man meets 
the Diagnostic and Statistical Manual of 
Mental Disorders, ed 3 (DSM-III), diagnos- 
tic criteria for autism. He does not have 
any other neurelogic or psychiatric disor- 
der and has no history of taking neurologic 
or psychiatric medications. 

The patient’s mother recalls an unevent- 
ful pregnancy, with the exception of a viral 
cold contracted during the end of the first 
trimester. The patient was born at full 
term without complications. He was the 
third child born to his parents. The 
patient’s one younger and two older sib- 
lings are normal. Throughout infancy and 
childhood, the patient is reported to have 
been healthy, except for the usual occa- 
sional colds that were readily resolved by 
medication. His height and weight have 
been within norma! limits from birth 
onward. The patient achieved motor devel- 
opmental milestones on a normal schedule 
as follows: rolling over at 3 months of age, 
sitting independently at 6 to 7 months, 
crawling at 7 to 8 months, standing unsup- 
ported at 9 to 10 months, and walking 
independently at 15 months. The patient’s 
father, a physician, reported that during 
infancy and childhood the patient’s “fine 
motor coordination appeared normal, as 
judged by his excellent manual dexterity 
and his skill in gross motor activities 
(walking on narrow walls, tree climbing, 
bicycle riding, etc)." 

The parents judged the infant to be 
healthy and bright; he cooed and his inter- 
active play with parents during infancy 
was normal. However, both parents 
observed that the infant tended to be 
quieter than their two older children. He 
had not spoken any words by 12 months. 


The patient's first words were helicopter 
and cookie at 18 months. 

During his third and fourth years of life, 
the parents observed that he was socially 
isolated and that he was not initiating 
social contact or showing any evidence of 
social communication. He preferred to play 
alone in his room and would become 
extremely upset if he was interrupted dur- 
ing his repetitive play with objects. He had 
no playmates and would not ask questions 
or state his needs other thar to hold some- 
one's hand and use that person's hand to 
point at something. He still did not speak 
two-word phrases. He spent hours spin- 
ning tops and records and flushing the 
toilet to watch the spinning water. 

Between the ages of 3 and 4 years, he 
received thorough neurologic examina- 
tions at two separate medical centers (one 
was The Johns Hopkins Medical Center, 
Baltimore); both concluded that there was 
no detectable neurologic abnormality. 
Electroencephalography at that time was 
normal. Medical examinations since then 
have continued to reveal no detectable 
neurologic syndromes. Brain-stem audito- 
ry evoked response audiometric testing at 
age 20 years was also norma. (see reference 
8 for details of testing procedure used). 

After the age of 4 years, he was placed in 
special education and speech classes for 
autistic and aphasic children. From 8 years 
of age onward, he was also in a socializa- 
tion therapy group for nonretarded autis- 
tic children. 

By 6 years of age, he still did not say "T" 
or "me." At this time, he was placed in a 
"talking typewriter program." With this, 
he began to learn the alphabet and to read. 
He began to speak echolalically, first with 
words, then phrases. By the age of 13 years, 
he still had difficulty with mixing up the 
pronouns 7 and you and referred to himself 
in the third person. However, by this age, 
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the patieat performed within normal lim- 
its on speech and language tests of syntax, 
semantics, merphology, and phonology. 
However his comprehension and use of 
language »emzined peculiar and severely 
impaired He spoke idiosyncratic phrases, 
such as saying “get pigged” for “get 
dressed." He referred to himself using 
several peculiar names, such as “Mole,” 
“Pack,” and “Alexander Wakefield Apple- 
gate.” Whether alone in his room or with 
others im class, he often carried on loud 
conversatiens with himself; the other “per- 
son” in the conversation was “Panda,” a 
stuffed bear he received as a young child. 
He once old s teacher, “I like talking to 
myself or Panca because that is grown-up 
talk. To me, talking to other people and 
saying werds like Hi is toddler talk." 


His sceres on the Comprehension sub- 
test of tae Wechsler Intelligence Scales 
over a ter-vear period (8 to 18 years of age) 
have averaged 2.5 SDs below normal. From 


age 8 to © years onward, he became a 
prolific writer ef lists— lists of time, dates, 
holidays, and programs on television and 
radio. He became absorbed in memorizing 
maps and-taeirlists of "places of interest." 
His long- erm memory for details of sub- 
jects that interest him is somewhat above 
normal. 

Curren ly, he works in a bicycle shop 
putting tegether new bicycles but does not 
know hov te repair them. He is an avid 
bicycle rer and has been sinee early 
childhood He continues to show little 
spontaner;, especially in social situations. 
He remains sel:-contained and socially iso- 
lated anc is virtually indifferent about 
other aut stie persons he has known for 
more than ter years through a weekly 
socializat:n therapy group. He knows 
many soca rules that are appropriate for 
classrooms. churches, buses, and the like, 
but he follews the rules in an almost 
mechanical, rove fashion. He continues to 
be unaware o the social and personal 
needs of athers: speaks with others as little 
as possible. anc takes no initiative to make 
friends. he is, sowever, aware that he has 
a handicap caled autism and that he dif- 
fers front ethers, and he appears to feel 
badly abcut ‘his. 

Psychometric testing has been per- 
formed several times. Between 8 and 21 
years of age, tle patient received tests of 
nonverbal IQ, including the Leiter and the 
Performaaee subtests of the Wechsler 
Intelligence Scale for Children, Revised 
(WISC-R) anc Wechsler Adult Intelli- 
gence Scale, Revised /WAIS-R). Results 
show nonrerba! IQs of 113, 108, 121, and, 
most recently, 112. At the age of 4 years, 
his IQ was 68, as measured by the Stan- 
ford-Bine-; this IQ principally reflects the 
patient's severe language impairment at 
that time Between 8 and 21 years of age, 
there has been a steady increase in verbal 
ability. Resuits of the Verbal subtests of 
the Wechsler Intelligence Scales have been 
72, 82, anc, mos: recently, 96. His language 
quotient, »ased on the Test of Adolescent 
Language is 39, which is in the low normal 
range. Recent tests of reading, spelling, 
and aritimetic with the Wide-Range 
Achievement Test (WRAT) reveal normal 
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Fig 2.—Cortical and subcortical structures in axial sections at levels of midbrain (top left), third 
ventricle (top right), lateral ventricles (bottom left), and centrum semiovale (bottom right) in same 
nonretarded autistic patient as in Fig 1. c indicates caudate; p, putamen; and t, thalamus. 


scores (100, 109, and 107, respectively). 
Nonetheless, recent tests also show his 
speaking vocabulary to be more than 1 SD 
below normal, although his speaking 
grammar and reading vocabulary are nor- 
mal. The patient has normal performance 
on the Bender test of visual-motor ability 
and has an above-average Memory Quo- 
tient of 120 on the Wechsler Memory 
Scale. 

The pattern of his scores on Wechsler 
Intelligence Scales has remained constant 
across six test sessions over a ten-year 
period since he was 8 years old; the nonver- 
bal subtests Block Design and Object 
Assembly have been consistently between 
2 and 3 SDs above the verbal subtests 
Vocabulary and Comprehension. This pat- 
tern of extreme disparity between these 
nonverbal and verbal subtests is similar to 
the pattern found by Rutter” and others 
(A. J. Lincoln, PhD, E. Courchesne, PhD, 
B. A. Kilman, et al, unpublished observa- 
tions, 1986) in large samples of high-func- 
tioning, nonretarded autistic persons. 

The quality of the patient’s speech is 
distinctly dysprosodic. It is arrhythmic, 
clipped, and hesitant. His voice is typically 
monotonic, and any changes in tone and 
loudness are abrupt and inappropriately 


placed. The tone of his voice has a tinny, 
hollow, and mechanical quality. 

Recent examinations of motor function 
confirm that the patient does not have 
major or debilitating motor impairment; 
there is no evidence of hypotonia, and he 
has good dexterity and visual-motor coor- 
dination. He did, however, have significant 
difficulty keeping his balance when his 
eyes were closed, and, when asked to per- 
form motor sequences that were new to 
him, he could not do so with the facility 
expected of normal functioning. 

After obtaining informed consent from 
the patient and his parents, we conducted 
an MRI scan of this patient’s brain. A 
1.5-tesla whole-body imager (Signa) was 
used. Three multisection sequences were 
performed: (1) a multisection spin-echo 
sequence (TR-2000, TE-25, 70 ms) in the 
axial plane from the foramen magnum to 
vertex; (2) a  multisection spin-echo 
sequence (TR-2000, TE-25, 70 ms) in the 
coronal plane through the brain; and (3) a 
multisection Tl-weighted sequence (TR- 
600, TE-25) in the sagittal plane near the 
midline. Sections were 5 mm in thickness, 
and there were 2.5-mm gaps between adja- 
cent sections. 

As seen in Fig 1, specific regions in the 
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Fig 3. — Views at two axial levels (right axial section is 7.5 mm superior to left axial section) of 
same autistic patient as in Fig 1 show sulcal widening in right posterior hemisphere and 
abnormally enlarged posterior horn of lateral ventricle in right hemisphere. R101 indicates right 
side; L99, left side. 


vermis and medial neocerebellar hemi- 
spheres of our patient are abnormally 
small, and the cisterna magna is enlarged. 
Within the posterior vermis only, the 
declive, folium, and tuber (ie, neocerebellar 
vermal lobules VI and VII) are particularly 
maldeveloped and incompletely formed. 
The remainder of the vermis (ie, anterior 
vermis, pyramis, nodulus, and uvula— 
all nonneocerebellar lobules) appears 
normal in size (midline section; Fig 1, cen- 
ter) The fourth ventricle, folia of the 
cerebellar hemispheres, and anterior ver- 
mal sulci are normal in size. This pattern 
of abnormal and normal cerebellar fea- 
tures indicates that the abnormalities of 
the declive, folium, and tuber in the poste- 
rior vermis and of the medial neocerebellar 
hemispheres are attributable to hypopla- 
sia. The dentate nuclei appear to be normal 
in size. 

The right posterior horn of the lateral 
ventricle is abnormally large, and the right 
posterior cerebral hemisphere appears to 
be larger than the left (Figs 2 and 3). Also, 
in the right posterior cerebral hemisphere 
(parieto-occipital cortex), there is a slight 
increase in the sulcal width. Otherwise, 
cortical structures, including gyral and 
suleal landmarks, and cortical thickness 
appear to be normal (Figs 2 and 3). No 
abnormalities were found in the anterior 
or medial temporal lobes, frontal and 
medial cortical areas, corpus callosum, 
thalamus, basal ganglia, or brain stem (Fig 
2). There are no foci of abnormal signal 
intensity and no evidence of intracranial 
lesions (Figs 1 through 3). The lateral 
(with the exception of the right posterior 
horn) and third ventricles are normal in 
size (Figs 2 and 3). 


COMMENT 


With the use of MRI, we have found 
in vivo evidence of both cerebral and 
cerebellar abnormalities in a person 
with a "pure" case of the classic form 
of infantile autism. This case was 
uncomplicated by mental retardation, 
epilepsy, history of drug use, postna- 
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tal trauma, or disease. 

The right posterior cerebral hemi- 
sphere appears to be abnormal in this 
classic case of autism. In particular, 
the right pesterior cerebral hemi- 
sphere has an overall size that is 
larger than its corresponding area on 
the left hemisphere, which is atypical 
of normal adult men,” and it has an 
abnormally large ventricle and a 
slight increase in suleal width. These 
findings are not in general agreement 
with the CT scan data from other 
nonretarded autistic persons, and 
they raise the question of whether the 
greater anatomical detail provided by 
MRI may reveal further evidence of 
cerebral abnermalities in autism. 

The significance of these right pos- 
terior cerebral findings is unclear at 
this time. With anatomical abnormal- 
ities of the right posterior cerebral 
hemisphere, one would predict lower- 
than-normal nonverbal intellectual 
ability. Paradoxically, our patient has 
higher-than-normal nonverbal IQ. 

The evidence that the right posteri- 
or hemisphere is larger than the left 
in our patient is reminiscent of some 
CT scan reports, which indicate that 
some retarded autistic persons have 
anomalous asymmetries in the pari- 
eto-occipital region.’ Goldman-Rakic 
and Rakic? have shown that removal 
of one cortical area may result in 
hypertrophy of the homologous con- 
tralateral cortical area, and Gesch- 
wind and Gaiaburda? have speculated 
that poorer development or slowed 
growth of one cortical area could also 
result in hypertrophy of the homolo- 
gous area. One might speculate that 
the enlarged right posterior hemi- 
sphere in our patient is the result of 
abnormally reduced growth of left 
hemisphere speech areas associated 


with his severe language deficit, par- 
ticularly during the first six years of 
his life (the relative contributions to 
his language deficit of his cerebellar 
pathologic condition and the function- 
ing in other language areas of his 
brain cannot be determined). Such a 
speculation, however, may not be war- 
ranted for several reasons; for exam- 
ple, the possibility remains that the 
right hemisphere enlargement was 
secondary to right posterior ventricu- 
lar enlargement, rather than to left 
hemisphere maldevelopment or un- 
deruse. Furthermore, the pathologic 
data in our patient points to the right 
cerebral hemisphere, not the left. Our 
patient's neuropathologic findings 
remind us that a larger cerebral hemi- 
sphere is not necessarily better. 

In addition to the cerebral patho- 
logic findings, an unusual cerebellar 
pathologic condition was found, which 
appears to be decreased or arrested 
development of the declive, folium, 
and tuber in the superior posterior 
vermis, as well as the medial aspect of 
the cerebellar hemispheres. The hypo- 
plasia in these three regions of the 
superior posterior vermis, which con- 
stitute neocerebellar vermis, is brack- 
eted on either side by normal-sized 
anterior vermis and by apparently 
normal-sized pyramis, nodular, and 
uvular regions of the inferior posteri- 
or vermis. 

Very nearly the same structures in 
the rat have only just recently been 
shown to be essential for one form of 
learning and memory—long-term ha- 
bituation of the acoustic startle 
response.” It is an important experi- 
mental question as to whether our 
patient will show an analogous deficit 
in long-term habituation. 

Such readily noticeable pathologic 
findings in the cerebellum of our 
patient do not rule out the possible 
presence of other pathologic condi- 
tions at the microanatomical or phys- 
iochemical level that are transparent 
to the MRI technique. Also, this dis- 
tinctive single case cannot be used to 
establish a direct causal link between 
the cerebellum and autism. 

Most importantly, however, this 
case alerts us to the possibility that 
the chronology of cerebellar hypopla- 
sias in autism may serve as one sign- 
post pointing to the chronology of the 
critical neural maldevelopment in 
autism. For example, the concurrence 
in our patient of a neuropathologic 
condition—cerebellar hypoplasia— 
and a neuropsychopathologie condi- 
tion—autism — presents the possibili- 
ty that both pathologic conditions 
may have resulted from the same 
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genetically or envirenmentally medi- 
ated disruption to his brain during its 
development. Because of the nature of 
our patiert's limited gross pathologic 
findings, we can hyvothesize critical 
neuredevelopmental periods during 
which this pathologic condition could 
have occurred. 

There are several possibilities, 
three of which will be noted. First, in 
the rat on developmental day E14, the 
first Purkinje cells to be generated 
are destined for the vermal wedge 
(eventually the posterior vermis) and 
for portions of the cerebellar hemi- 
spheres (the lobus simplex and crura I 
and II— regions similar to those 
that are hypoplastic in our patient. A 
genetically or environmentally medi- 
ated disruption at :hat time might 
simultaneeusly disturb the cytogene- 
sis of these Purkinje cells as well as 
other neurons whose peak day of neu- 
rogenesis is also E14. These latter 
include neurons of the nucleus reticu- 
laris thalami and of the most superfi- 
cial layer of cortex.? Nucleus reticu- 
laris thalami gates interactions 
among cortex, thalamus, and mesen- 
cephalic reticular system and is 
involved m moduleting awareness, 
attention, and sensory transmis- 
sion.” Behavioral attention and 
arousal trigger excitatory input to the 
most superficial layers of cortex as 
part of the first stage of cortical acti- 
vation.” 

As a second example, in the rat, the 
migrations of Purkinje neurons to 
posterior and anterior vermis occur in 
waves, which are separated in time 
from each other; they migrate first to 
the posterior vermis completing their 
migration from days E17 through 
E19), and then later to the anterior 
vermis (completing their migration 
from days E20 through E22).** These 
migrations occur in a relatively brief 
time (at the end of the first trimester 
-n the human”). A brief disruption at 
-he time of the migration of Purkinje 
neurons to the posterior vermis could 
leave it (and the adjacent medial cere- 
bellar hemisphere) hypoplastic, as in 
yur patient; it might also simulta- 
neously affect other neural systems 
that are undergoing critical develop- 
ment during that time. In the rat, 
systems undergoing cytogenesis dur- 
"ng this period include the subiculum, 
CA1 and CA3 of the hippocampal for- 
mation, portions of the septum, and 
-he amygdalohippocampal area of the 
eorticomedial complex of the amygda- 
;3'*: these neural systems are involved 
in memery and emotional behavior. 

As a third and fimal example, in 
humans, granule cell neurogenesis 
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and migration in the cerebellum 
occurs throughout the first two years 
of postnatal life.** The declive, folium, 
and tuber receive their final full com- 
plement of granule cells after the 
anterior vermis and the inferior pos- 
terior vermis. If the brain was 
exposed to teratogenic agents during 
the final stages of granule cell genesis 
and migration, depletion of granule 
cells in the declive, folium, and tuber 
could occur, but anterior vermis and 
inferior posterior vermis would be 
much less affected. Given sufficient 
granule cell depletion, the macroscop- 
ic appearance on MRI scans could be 
similar to the hypoplasia of the 
declive, folium, and tuber seen in our 
patient. 

In light of the maternal history, the 
patient’s history, and the appearance 
of the vermal sulci, a number of 
potential causes of his cerebellar 
pathologic condition can be ruled out, 
including postnatal trauma, epilepsy, 
nutritional deficiency, maternal use 
of medications, alcohol or smoking, 
and maternal endocrine disorders. 
This patient's abnormal neuroanato- 
my also differs from known cerebellar 
developmental anomalies and known 
degenerative cerebellar diseases.*°” 
For example, his pathologic condition 
does not present with pontine dysgen- 
esis typical of pontoneocerebellar 
hypoplasia. Also, in contrast to 
Down’s syndrome, the Dandy-Walker 
syndrome, the Arnold-Chiari defor- 
mity, and the Joubert syndrome, our 
patient’s pathologic condition occurs 
in the absence of the major malforma- 
tions of other neuroanatomical and 
nonneural structures found in these 
syndromes and in the absence of clini- 
cally significant deficits in gross 
motor functioning. For instance, the 
Dandy-Walker syndrome includes not 
only vermal hypoplasia but also 
enlargement of the fourth ventricle; 
commonly associated abnormalities 
include agenesis of the corpus callo- 
sum, anomalies of cortical gyri, 
dolichocephaly, polydactyly, and cleft 
palate. In congenital cerebellar hypo- 
plasia, the cerebellum is typically uni- 
formly small. This is a rare autosomal 
recessive disorder in which there is 
severe reduction in the number of 
granule cells throughout the cerebel- 
lum and neuronal loss in the hippo- 
campus; patients have hypotonia, poor 
coordination, and delay in motor 
development—symptoms not seen in 
our patient.*** At present, we cannot 
completely rule out some other yet- 
to-be-described postnatal mechanism 
that principally affects only portions 
of the posterior vermis and medial 


neocerebellum without concurrently 
producing overt cerebellar motor dys- 
function. 

Genetic mutations in mice may pro- 
vide insights. Postnata! loss of Pur- 
kinje cells in mice is caused by two 
genetic mutations, one called the 
"nervous" mouse and the other the 
*PCD" (Purkinie cell degeneration) 
mouse.* Such postnatal Purkinje cell 
loss might be expected to produce 
macroscopic cerebellar hypoplasia. 
Both mouse mutations also cause 
photoreceptor degeneration. This pat- 
tern of pathologic findings—postnatal 
Purkinje cell loss and photoreceptor 
degeneration—is distinctive of these 
genetic mutations. Although our 
patient exhibits macroscopic hypopla- 
sia, we do not know whether he also 
has photoreceptor degeneration. 

The Purkinje cells of the cerebellar 
cortex are among the most sensitive 
in the central nervous system to the 
effects of anoxia.” It is conceivable 
that anoxia during early development, 
including postnatal development, 
could result in an abnormally small 
cerebellum. However, the medical his- 
tories of the mother during pregnancy 
and of the patient as an infant show 
no significant event that could cause 
such a condition. The only wrinkle in 
the history of the pregnancy was an 
ordinary cold that the mother had at 
the end of the first trimester, and the 
only one in the postnata! period was a 
three-day cold with a temperature of 
39.4°C that the patient had at 22 
months of age. 

Dysprosody may result from cere- 
bellar damage in adulthood, particu- 
larly to the left superior paravermal 
cerebellum? (for a review, see refer- 
ence 37). In global cerebellar hypopla- 
sia, speech typically fails to devel- 
op,” and, when it does, it has been 
described as hesitant, stammering, 
and explosive in character.” It seems 
likely that our patient’s dysprosody is 
a consequence of his regional cerebel- 
lar hypoplasia. If that were so, one 
may speculate that cerebellar mecha- 
nisms are crucial to the development 
of speech and that neural plasticity is 
insufficient to fully compensate for 
some speech deficits resulting from a 
cerebellar pathologic condition in- 
curred early in development—in con- 
tradistinction to the Kennard princi- 
ple, which states that there is greater 
recovery or sparing of function follow- 
ing lesions incurred early in develop- 
ment compared with those incurred 
later.^^ In contrast to speech, it is 
curious and noteworthy that the cere- 
bellar pathologic features in our 
patient were not associated with 
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impairment of other aspects of motor 
development. 

Thus, our patient represents an 
unusual case of regional cerebellar 
hypoplasia. Patients with global cere- 
bellar hypoplasia usually exhibit glob- 
al cognitive impairment, delays or 
failure to develop speech, hesitant and 
explosive speech, and the following 
major motor abnormalities: substan- 
tial delays in or failure to sit, stand, or 
walk; hypotonia; incoordination (eg, 
ataxia, dyssynergia, and titubation); 
and abnormal ocular movements (eg, 
fixation nystagmus). In compari- 
son, our patient has partial cognitive 
impairment, was delayed in speech 
development, has hesitant and explo- 
sive speech, did not have major motor 
abnormalities beyond dysprosody and 
poor balance with eyes closed, and has 
autism. 

The cerebellar pathologic findings 
in our nonretarded patient are consis- 
tent with previous CT as well as post- 
mortem neuropathologic data from 
several severely retarded autistic per- 
sons.'’'® A question raised by these 
findings is whether cerebellar ana- 
tomical abnormalities, having now 
been found in retarded and nonre- 
tarded autistic individuals alike, may 
be found in a significant subpopula- 
tion of autistic persons in general. 
Another question is the part played 
by anatomical abnormalities of the 
cerebellum when it does occur in per- 
sons with autism. It has been sug- 
gested that these abnormal cerebellar 
anatomical and physiologic conditions 
might significantly disrupt the func- 
tioning of attentional mechanisms,* 
the limbic system," and the acquisi- 
tion and execution of skilled mental as 
well as motor operations.* Recently, 
the cerebellum has been shown to be 
an essential location for certain forms 
of learning and memory.” For 
instance, might anatomical abnormal- 
ities in the vermis in autism affect 
long-term habituation of the acoustic 
startle response as it does in rats,” or 
might anatomical abnormalities of 
the cerebellar hemispheres in autism 
affect associative learning as it does 
in rats?^ 

The answer to these questions will 
require MRI studies of larger samples 
of retarded and nonretarded autistic 
persons, and comparing subjects with 
major cerebellar pathologic findings, 
as seen in MRI data, with those with- 
out discernible pathologic findings in 
detailed neurophysiologic, neuro- 
chemical, and behavioral studies. 
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e We describe a case of an adult-onset 
progresswe dystonia with external oph- 
thalmeplegia, occurring in a black man 
without <= family history of neurologic dis- 
orders.  Neuropatho:ogic examination 
demonst-ated neuronal loss and gliosis in 
the artesor hern and Clarke's column in 
the spina corc. nucleiof cranial nerves lll, 
Vi, X, and XII, vestibular complex, lateral 
cuneate nucleus, lower pontine tegmen- 
tum, red nucleus, substantia nigra, and 
dentate rucleus. The cerebral cortex, cor- 
pus striatum, Basis pontis, inferior olives, 
and cereoellum were spared. The clinical 
and pathologie findings closely resemble 
autosomal-dominant motor system de- 
generatien or "Azorean disease," with- 
out, hoevever, demonstrable familial 
transmission. n addition to the absence 
of a famity history, unique features of the 
case incwde the presence of Alzheimer 
type I! glial celis in the red nucleus and an 
unexplained persistent elevated concen- 
tration o serum amylase. 

(Arch Weurc! 1987;314:34 1-344) 


utosemal-lominznt motor system 
~ disease (4DMSD) is a dominantly 
inherited, progressive, and unremit- 
ting disorder, originally described in 
patients of Portuguese  Azorean 
descent^; hence, the term Azorean 
disease of the nerveus system. It has 
been described in at least four Portu- 
guese families, two black families, and 
one Japanese family. The clinical 
manies:ations include dystonia and/ 
or rigid ty, ataxia, progressive exter- 
nal ophthalmoplegia, dysarthria, 
amyotre@phy, extensor plantar re- 
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sponses, and variable cranial nerve 
abnormalities. At autopsy, affected 
family members exhibited consistent 
neuronal loss in the anterior horns 
and Clarke’s column in the spinal 
cord, the cranial nerve motor nuclei 
concerned with extraocular motility, 
hypoglossal nucleus, vestibular com- 
plex, and substantia nigra in the brain 
stem, and in the dentate nucleus of 
the cerebellum (Table). We describe 
herein the clinical features and neuro- 
pathology of what is the first, to our 
knowledge, sporadic case of the dis- 
ease. 


REPORT OF A CASE 


A 38-year-old black man, born and 
raised in Barbados, died of aspiration 
pneumonia following a protracted and pro- 
gressive neurologic illness. His difficulties 
began at age 21 years, when his sister first 
noted an unsteady gait and buckling of his 
left knee. At age 23 years, he began to 
experience involuntary writhing move- 
ments of the limbs and trunk, necessitat- 
ing his confinement to a wheelchair by age 
25 years. At age 30 years, a neurologic 
examination demonstrated slurred speech, 
truncal ataxia, mild dysmetria in the left 
arm on finger-to-nose testing, and left 
hemiparesis. He was admitted later that 
year to another hospital for evaluation of 
abdominal pain. Neurologic evaluation dis- 
closed further progression of his disease, 
with limitation of upgaze, nystagmus on 
lateral gaze in either direction, mild ptosis, 
saccadic pursuit of visual stimuli, general- 
ized choreoathetosis, vermiform move- 
ments of the tongue, and increased tone 
with bilateral extensor plantar responses. 
His abdominal pain resolved spontaneous- 
ly. A thorough gastrointestinal work-up 
was unremarkable except for an elevated 
serum amylase concentration (234 Somo- 
gyi U/dL [433 U/L]), which persisted in 
this range throughout the rest of his life. 
Three years later, the patient was ad- 
mitted for spontaneous left arm and hand 
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dysesthesias due to a left C6-C7 cervical 
radiculopathy, and the recent onset of a 
leftward torticollis. Severe athetosis of the 
limbs that could be provoked by either 
voluntary movements or by strong emotion 
was noted. The extraocular movement 
findings were unchanged. A mild left facial 
paresis and myokymia over the left eyelid 
and corner of the mouth was apparent. 
Strength, cognitive function, perception of 
pinprick, light touch, and vibration were 
normal. Muscle tone was now decreased, 
and his speech had become hypophonic. 
Plantar responses were recorded as flexor. 
An electrodiagnostic evaluation demon- 
strated a mild, diffuse peripheral neuropa- 
thy. 

In the next five years, the patient’s 
external ophthalmoplegia had progressed 
to such a degree that no eye movements in 
any direction could be elicited either volun- 
tarily or by oculovestibular testing maneu- 
vers. Bilateral ptosis was present and the 
pupils reacted sluggishly to light. The gag 
reflex was absent. The patient’s speech was 
unintelligible although he was able to fol- 
low complex commands. Reflexes were 
brisk bilaterally and his plantar reflexes 
were again extensor. The patient suffered 
a respiratory arrest and died 17 years after 
the onset of symptoms. 

Pharmacologic therapy was attempted 
repeatedly during the course of his illness. 
Levodopa/carbidopa, baclofen, amantidine 
hydrochloride, and several anticholinergic 
agents were ineffective in alleviating his 
dystonia. 

The family history, obtained from old 
hospital records and available family 
members, was negative for neurologic or 
psychiatric illness. The patient’s relatives 
denied a history of either known consan- 
guinity or Azorean ancestry. His mother 
died at age 53 years while still in Barbados, 
reportedly from complications of diabetes 
mellitus. His father is alive and well at age 
70 years. None of the patient’s family 
reported any history of neurologic prob- 
lems, gait trouble, tremors, or early death 
in themselves or other relatives, although 
diabetes mellitus was common on the 
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maternal side of the family. The pedigree 
is shown in Fig 1. Accurate background 
information beyond three generations was 
unobtainable. 

Laboratory test values on three succes- 
sive admissions (at age 30, 33, and 38 years) 
had been within normal limits, except for a 
persistent and unexplained elevated serum 
amylase concentration (to 220 + 15 Somo- 
gyi U/dL [407 + 28 U/L]; normal, 44 to 
128 Somogyi U/dL [100 to 300 U/L]). Test- 
ing included routine serum chemistries 
and blood cell counts, calcium, magnesium, 
iron, copper, ceruloplasmin, vitamin B, 
liver enzymes, thyroxin, syphilis serology, 
lead, phytanic acid, arylsulfatase A, hexo- 
saminidases A and B, antinuclear anti- 
bodies, urine amino acid profile, cerebro- 
spinal fluid chemistries and cultures, slit 
lamp examination, sickle cell preparation, 
and urine and serum drug screen. Cranial 
computed tomography (CT) had been nor- 
mal until his final admission, when a 
decrease in the volume of brain-stem 
structures was noted. 


RESULTS 
Postmortem Examination 


Postmortem examination was carried 
out 14 hours after death. Nonneurologic 
findings included cachexia, a medullary 
fibroma of the left kidney, and left lower- 
lobe bronchopneumonia. The rest of the 
general autopsy findings were unremark- 
able, including gross and microscopic 
studies of the pancreas. 


Neuropathologic Findings 
The brain weighed 1285 g after formal- 
dehyde fixation. The large arteries at the 
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Fig 1.—Pedigree of present patient obtained through interviews with family members of patient's 
own generation. Squares indicate male; circles, female; diagonal line, deceased; arrow, present 


patient; and DM. diabetes mellitus. 


base of the brain were of the usual config- 
uration and free of atherosclerosis. There 
was no evidence of gross neuropathology or 
gyral atrophy. On cut section, there was 
striking pallor of the substantia nigra and 
locus ceruleus. The tegmentum of the 
lower pons appeared atrophic and the 
fourth ventricle was correspondingly wide 
in this location (Fig 2). There was no 
evidence of ventricular dilation else- 
where. 

In the cerebellum, the dentate nucleus 
had a peculiar pearly gray discoloration 
bilaterally. The superior cerebellar pedun- 
cles showed slight atrophy. The cerebellar 


cortex appeared normal. 

Multiple blocks threughcut the brain 
and spinal cord were embedded in paraffin 
and 6-um thick sections stained with 
hematoxylin-eosin, Nissl’s stain, Luxol 
Fast Blue, and Bodian stains, and exam- 
ined under light micrescopy. Sections of 
muscle were stained with hematoxylin- 
eosin and trichrome stains. One block of 
the dentate nucleus was postfixed in glu- 
taraldehyde and embedded in plastic for 
electron microscopic study. 

All sections were compared at equiva- 
lent levels with two adult controls without 
neurologic disease using a comparison 
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g 2.—Macrophotegraph at midpons (top) 
bmpared with control (bottom). Note marked 
rophy of tegmentum with sparing of basis 
ontis (Luxo: Fast Blue myelin stain, X2.5). 


icroscape Zeiss). With this microscope, 
reas of neuronal cell loss and gliosis can 
pe readily identifed by viewing compara- 
phe cytoarehitecton c areas side by side in 
the same fex cf view at identical magnifi- 
cation. Braim-stem nuclei were identified 
according te Otszewski and Baxter." The 
extent of neuronal loss was estimated by 
making repeated counts of neuronal nucle- 
olar packing density in all three brains at 
campara»le magn Beation with an ocular 
reticle. Thes counts were all made from 
he central part of the nucleus. Nuclei 
showing mewrona! eel! loss were divided 
'in*o two groups. Those with greater than 
T1095 decrease im cel! packing density were 
oasidered t» show severe neuronal loss, 
and those wath a 70% to 30% decrease, 
noderate-to mild neuronal loss. 

Neuronal ell loss was confined to the 
brain stem, cerebellum, and spinal cord. 
evere neuronal loss and gliosis was noted 
hb the anterier horns and Clarke’s column 
the spinal *erd, and in the brain stem in 
e lateral am! superior vestibular nuclei 
1 third ard sixth cranial nerve nuclei 
igs 3 and 4). No trace of the fourth 
znial nerve nucleus was identified. Mild 


moderate seu-ona! loss with gliosis was 
opted in the swoowlossal nucleus, dorsal 
hotor nucleus ef the vagus, lateral cuneate 
ueleus, inferior and medial vestibular 


uclei, locis cerulews, substantia nigra, red 
acleus. and dentate nucleus of the cere- 
fum. Al ether brain-stem nuclei and 
e fastigial g*obose, and emboliform 
clei of the cerebellum and cerebellar 
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Fig 3. — Marked neuronal loss and gliosis in cranial nerve Ill (top, left) and VI nuclei (top, right) 
compared with control (bottom, left and right). Top, All remaining neurons are indicated by 
arrowheads (hematoxylin-eosin, X63). 


Fig 4.— Marked neuronal loss and gliosis in spinal (S) and medial (M) vestibular (Vest) nuclei 
(top, left) and in lateral cuneate (L Cun) nucleus (top right) compared with control (bottom, left 
and right). All remaining neurons in top and pale-staining neurons in bottom left are indicated by 
arrowheads (hematoxylin-eosin, X63). 
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Fig 5.—Left, Enlarged, irregularly folded astrocytic nuclei (arrows) resembling Alzheimer type lI 


cells in red nucleus. Right, Eosinophilic masses in 
(hematoxylin-eosin, X250). 


cortex showed no evidence of neuronal cell 
loss. In myelin-stained sections, there was 
striking atrophy of the medial longitudinal 
fasciculus, and mild atrophy of the superi- 
or and middle cerebellar peduncles and the 
lateral aspect of the lateral funiculus of 
the spinal cord. Although there was obvi- 
ous atrophy of the tegmentum of the lower 
pons, neuronal cell loss in this region was 
confined to the vestibular nuclei and sixth 
cranial nerve. 

Additional changes were noted in the red 
nucleus and dentate nucleus (Fig 5). The 
former showed a substantial number of 
glial cell nuclei with the morphology of 
Alzheimer type II cells. In the immediate 
region of the dentate nucleus there were 
small globular deposits of eosinophilic 
homogeneous material noted in routine 
paraffin sections and in 1l-um thick plastic 
sections. However, electron microscopy 
failed to reveal any unusual features. Sec- 
tions of muscle and peripheral nerve were 
unremarkable. 


COMMENT 


The present case conforms clinical- 
ly and neuropathologically to auto- 
somal-dominant motor system dis- 
ease. Its unique features include the 
absence of demonstrable familial 
transmission, elevated serum amylase 
levels throughout the course of the 
illness, and the presence of Alzheimer 
type II cells in the red nucleus. 

A classification of the disease into 
three clinical syndromes has been 
proposed by Coutinho and Andrade.: 
Type I begins in the second to third 
decades of life with pyramidal signs, 
disturbed ocular motility, and extra- 
pyramidal findings; type II begins 
somewhat later in the fourth to sixth 
decades with cerebellar, pyramidal, 
and variable oculomotor deficits: type 
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neuropil (arrows) in region of dentate nucleus 


III occurs in older individuals in the 
fifth to seventh decades with ataxia, 
neuropathy, amyotrophy, and vari- 
able eye movement abnormalities. 
Our patient most closely fits the clini- 
cal picture of type I. The onset was in 
the third decade with clinical evidence 
of pyramidal tract disease, prominent 
extrapyramidal deficits, and marked 
disturbance of ocular motility. 
Neuropathologic descriptions of 
ADMSD have been confined to the 
affected Portuguese families'7* and to 
a Japanese family.’ In these cases, the 
most striking and consistent findings 
were confined to specific nuclei in the 
spinal cord and brain stem and to the 
cerebellar dentate nucleus (Table). 
The present case and all previously 
reported cases have shown severe neu- 
ronal loss in the anterior horns and 
Clarke’s column in the spinal cord. In 
the brain stem, the extent of docu- 
mentation of neuronal loss is variable. 
As in the present case, all cases have 
shown neuronal cell loss in the nuclei 
of the third, fourth, sixth, and 12th 
cranial nerves, all of the vestibular 
complex nuclei and the substantia 
nigra. Furthermore, Woods and 
Schaumburg? also noted neuronal cell 
loss in the dorsal motor nucleus of the 
vagus. There is no comment in the 
ADMSD literature on neuronal loss in 
the lateral cuneate nucleus. Since this 
brain-stem nucleus is analogous to 
Clarke's column in the spinal cord, the 
mild cell loss we discovered in this 
nucleus is not surprising. Neuronal 
loss in the locus ceruleus seen in the 
present case, was also found in the 
cases of Sakai et al,’ but not in those 
reported by Woods and Schaumburg.” 
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Involvement of the seventh crani 
nerve nucleus,’ striatum,'* and basi 
pontis" have been noted in som 
patients with ADMSD, but were no 
seen in the present case. It is of inter 
est that all cases, including our sub 
ject, failed to show morphological evi 
dence of pyramidal tract diseas 
despite the presence of clinical “pyra 
midal signs." It thus appears that thi 
case conforms both clinically anc 
morphologically to ADMSD. 

Our patient's persistently elevatec 
serum amylase level and the presenc 
of Alzheimer type II glial cell nuclei i 
the red nucleus suggest a metaboli 
defect. Recently, two-dimensional a 
rylamide gel studies demonstrate 
increases in a 40000 and a 500€ 
molecular-weight protein in the cer 
bellum and striatum of patients wit 
Joseph's disease (an Azorean var 
ant).!! 

However, the actual genetic or me 
abolic defect responsible for tl 
ADMSD syndrome remains und 
fined. The presence of the disease on 
presumably nonfamilial basis in oi 
patient suggests that the ADMS. 
syndrome may result from spontan 
ous genetic mutation in certai 
instances, as well as through hered 
tary transmission. 
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e Facial numbness and dysesthesia 
ave not been emphasized as presenting 
»atures in spontaneous internal carotid 
rtery dissection. Progressive facial pain, 
paniec by oculosympathetic pare- 
5, altered taste, and facial numbness 
ggest the possibility o* basal skull neo- 
asm. We eescribe a patient, with previ- 
sly undiscovered fibromuscular dyspla- 
, who presented with severe neck and 
-e pain, dysgeusia, oculosympathetic 
resis, and markedly recuced facial sen- 
ion due te a spontaneous vascular 
section. Altered facial sensation 
uid now be included in the symptom- 
ogy of internal carotid artery dissec- 


- 6) 
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| eadache, neck and scalp pain, 

bruits, and oculosympathetic 
resis are the cardinal presenting 
?mptoms o internal carotid artery 
ssection.? The condition may be 
suspected im a relatively young 
tient who presents ir an unusual 
anner. We oresent a patient with a 
eviously undescribed sign—reduced 
cial sensat:en— who also had dys- 
sia, oculozympathetic paresis, and 
vere unilateral! facial pain. 


REPORT OF A CASE 


A 46-year-olc mildly hypertensive wom- 
n developed “lightning pains” that radi- 
ted to her face from the lett side of her 
eck. The follewing day tne pain had 
ecome dull ane was localized behind her 
eft eye. She nozed slight dreoping of her 
eft eyelid, a strange persistent metallic 
iste, and discomfort over the left side of 
er forehead. Her-unilateral neck and face 
sain then increased in intensity, and the 
atire left side c? her face became “numb 
nd disagreeable” Her blood pressure was 
20/80 mm Hg. der left pupil was 2 mm 
Sid her right £5 mm in normal room 
Jjrumimation, ane she had 2 mm of left- 
i) led ptosis, wit: normal facial sweating 
ieulosympathetie paresis). She had a 
marked decrease in sensation to light 
(Iuch anc pinpricx-over all three divisions 
e the lef: trigemma! nerve. Testing facial 
t 
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acial Numbness and Dysesthesia 


Tew Features of Carotid Artery Dissection 


enneth R Francis; Douglas P. Williams, MD; B. Todd Troost, MD 


sensation evoked an unpleasant sensation. 
The remainder of the cranial nerves were 
intact, and the patient had neither subjec- 
tive nor objective cervical or intracranial 
bruits. The hydroxyamphetamine hydro- 
bromide (Paredrine) test was consistent 
with a third-order oculosympathetic 
defect. Results of computed tomography 
and magnetic resonance imaging of the 
head and neck were normal, but cerebral 
angiography demonstrated a dissection of 
the left internal carotid artery extending 
intracranially to the cavernous sinus (Fig- 
ure). There was also a 2-cm dissection of 
the left vertebral artery. The patient ini- 
tially underwent anticoagulation with hep- 
arin and thereafter for a three-month peri- 
od with coumadin. Following anticoagula- 
tion, her pain disappeared within 48 hours, 
but she had persistent left facial numb- 
ness, facial dysesthesia, and abnormal sub- 
jective taste sensation for two weeks, after 
which sensation returned to normal. The 
oculosympathetic defect was permanent. 


COMMENT 


Symptoms and signs described with 
carotid artery dissection include 
headache, facial pain, subjective 
bruit, oculosympathetic paresis, and, 
more rarely, dysgeusia.^ A most 
unusual facet of this patient's presen- 
tation was the consistent decrease in 
sensation over all three divisions of 
the left trigeminal nerve, accompa- 
nied by dysesthesia. Rarely, patients 
with carotid artery dissections have 
described a “rubbery feeling,” but, to 
our knowledge, decreased facial sen- 
sation has not previously been 
described. It is believed that vascular 
dissection causes interruption of the 
vasa nervorum supplying the sympa- 
thetie trunk traveling with the inter- 
nal carotid artery. The ischemia 
produces an oculosympathetic paresis, 
with miosis and ptosis; however, 
facial sweating remains intact be- 
cause sympathetic fibers to the face 
travel with the external carotid artery 
not involved in the dissection. 
Referred facial pain is well described 
in internal carotid artery dissection, 
presumably due to referred pain in 
the distribution of the fifth nerve, as 
trigeminal fibers supply sensation to 
the carotid artery in the anterior and 
middle fossa. The sensation of per- 
turbed taste and the dysgeusia 
described by the patient cleared after 
two weeks. Dysgeusia is a rare com- 
plaint in patients with internal caro- 


tid artery dissections, and one might 
posit an alteration in the blood supply 
to the seventh cranial nerve or 
branches of the chorda tympani at the 
base of the skull. It is surprising that 
if the trigeminal nerve is, in fact, 
responsible for the perception of pain 
(which is the most frequent complaint 
in carotid artery dissection), objective 
involvement of its peripheral sensory 
distribution has not been previously 
reported. 

Fibromuscular hyperplasia, a vas- 
cular condition associated with spon- 
taneous vascular dissection,® was evi- 
dent on other angiographic views and 
was the most likely underlying vascu- 
lar pathologic feature responsible for 
the combined carotid and vertebral 
dissection in our patient. So-called 
Raeder's paratrigeminal syndrome 
describes patients with persistent 
unilateral facial pain and an oculo- 
sympathetic paresis with or without 
associated cranial nerve deficits. 
When there are associated cranial 
nerve deficits, such as trigeminal 
nerve dysfunction, an underlying neo- 
plasm must always be ruled out. The 
clinical presentation of a patient who 
has unilateral face and neck pain 
associated with sympathetic, seventh, 
and fifth nerve dysfunction should 
prompt a consideration of a basal 
skull nerve neoplasm such as naso- 
pharyngeal carcinoma. Also, in pa- 
tients in whom neuroimaging tests 


Lateral view of left carotid artery showing 
tapered narrowing of left internal carotid 
artery. 
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such as computed tomography and 
magnetic resonance imaging do not 
lead to the correct diagnosis, strong di- 
agnostic consideration should be given 
to a vaseular dissection, which must be 
demonstrated by arteriography. 

We believe that facial numbness 
and dysesthesia represent previously 
unemphasized features of internal 
carotid artery dissection. Spontane- 
ous vascular dissections should be 
considered in the differential diagno- 
sis of patients presenting with unilat- 
eral head and neck pain, oculosympa- 


thetic paresis, dysgeusia, and facial 
numbness. 
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Loss of Deep Dyslexic Reading Ability 


From a Second Left-Hemispheric Lesion 


David P. Roeltgen, MD 


€ it has been hypothesized that the 
residual reading ability in people with 
deep dyslexia (an acquired dyslexia in 
which the subjects make semantic para- 
lexias, eg, child read as boy) utilizes right 
hemispheric structures. A patient who 
was deep dyslexic following an initial left 
hemispheric stroke was studied. Follow- 
ing a new left hemispheric stroke, he lost 
his residual reading ability. In this patient, 
deep dyslexic reading abilities were 
dependent on left hemispheric struc- 
tures. 

(Arch Neurol 1987;44:346-348) 


ubjects with deep dyslexia produce 

semantic paralexias when reading 
aloud. Other characteristics, includ- 
ing visual errors, function word sub- 
stitutions, derivational errors, dem- 
onstration of an inability to derive 
phonology from print and reading 
high imagery words better than low 
imagery words, nouns better than 
adjectives, adjectives better than 
verbs, and nouns better than function 
words, also occur as part of the syn- 
drome.' Although there is agreement 
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on the general clinical presentation of 
patients with deep dyslexia, there is 
considerable controversy regarding 
potential anatomic substrates under- 
lying their residual reading ability. 
We addressed this issue by assessing 
the residual reading ability in a 
patient with deep dyslexia after he 
had a second cerebral lesion. Conse- 
quently, we were able to draw some 
conclusions regarding the anatomic 
substrate for his reading abilities fol- 
lowing his first stroke. 


REPORT OF A CASE 


A 54-year-old right-handed man had a 
left cerebral infarction in 1981. He had a 
transient right-sided paresis and mild sta- 
ble aphasia. He was studied 2% years 
following his stroke and except for a mild 
aphasia, results of an examination were 
normal. His spontaneous speech was mild- 
ly nonfiuent with good articulation. His 
comprehension for conversation and com- 
mands was good, but deteriorated with 
increased complexity of syntax. Naming to 
confrontation was good. Based on history 
and results of the Western Aphasia Bat- 
tery (WAB) (Table 1), he could best be 
described as a recovered Broca’s aphasic. 
He was considered deep dyslexic because 
he made semantic errors when reading 
aloud, especially when reading para- 
graphs. 

When reading single words (n = 420) he 
made 58 errors: 3% semantic (“clothing” 
for “fabric’”), 14% derivational (“confi- 
dent" for  "confidence"), 43% visual 
(“melt” for *man"), and 4% function word 
substitutions (“should” for *such"). When 
reading words in paragraphs (n = 387) he 
made 55 errors: 11% semantic, 9% deriva- 
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tional, 20% visual, and 35% function wo 
substitutions. Analysis of his ability 
read single words is presented in Table 

The patient had adequate comprehen 
sion of single words and moderately goo 
comprehension of paragraphs, with a ray 
score of 65 on the paragraph comprehe 
sion subtest of the Peabody Individu 
Achievement Test.’ On phonological rea 
ing tasks, he had difficulty reading no 
words (14 [23% ] cf 60 correct) but repeats 
them well (20 of 20) (Battery of Linguis 
Analysis of Writing and Reading)‘; (Ba 
tery of Adult Reading Function [L. Jj 
Rothi, H. B. Coslett, K. M. Heilman, unpub 
lished data, 1983]). He also made errors o 
a visually presented rhyming task whe 
asked to say whether two words rhyme 
(16 of 20 correct; chance equals ten of 20° 
and on a picture-pointing task for non 
words that were homophonic for rea 
words (pseudohomophones) (Battery o 
Adult Reading Function; 36 of 40 correct. 
chance equals 13 of 40) (Table 3). 

In September 1984. the patient sustaine 
a new stroke, with a new right hemiparesi 
and marked worsening of his languag 
performance. The results of the rest of th 
examination were unchanged. On exami- 
nation, his fluency and comprehension 
were more impaired than previously, and 
his repetition was limited to approximate- 
ly two word phrases. Naming ability 
declined such that he was able to name 
only rare objects with phonemic cues. Clin- 
ical evaluatior and results from the WAB 
(Table 1) suggested that he could be best 
classified as having a mixed aphasia. 

His language performance was studied 
at two, four, and six weeks following hi 
second stroke, and results from clinical 
and formal examinations were constant 
He had fairly consistent scores on thi 
WAB? (Table 1). 
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: le had little residual reading ability 
er the seeond stroke. Whereas previous- 
he had read 100% ef a list of highly 
ageable nouns and 90% of function 
rds, he now read only 5% and 0%, 
pectively, despite correctly repeating 
7. of the mouns and 75% of the function 
ds. He correctly read only rare single 
ers. Error analvsis revealed that there 
re no semantic paralexias and perhaps 
function word substitution. Some 
ors had sight visual similarity to the 
mulus werd (“deg” for "egg") but most 
ors were-unrelated real words (“stamp” 
“fruit” or meologisms (“staems” for 
atever). Te could not read any nonsense 
rds, but -epeated 50%. He had no pho- 
opgical reading ability; he could not per- 
the previously presented visual 
iming task or the pseudohomophone 
iting task. He comprehended some sin- 
words, iselud:ng occasional words that 
could no read aloud. Single word com- 
hension en the Reading Comprehension 
stery for “whasia’ was slightly greater 
chance 

omputed tomography (CT) performed 
iin 48 hours after the new stroke dem- 
trated well-defined areas of low densi- 
hne smallone in the right frontal region 
one large one in the left posterior 
boroparietal region. The right frontal 
| involved part of the inferior frontal 
the lewer half of the precentral 
s and part of the mid and anterior 
la cortex. The left-sided lesion 
lved the -ortex surrounding the poste- 
half of tbe superior temporal sulcus as 
Í as the angular gyrus, and extended 
ortically to the lateral ventricle. In 
ition, a Ess well-defined low-density 
Frion was present in the left frontoparie- 
region. Two weeks later, a repeated CT 
^m demonstrated enhancement of the left 
Óntal lesion. This lesion involved the 
ower portions of tne precentral and post- 
bentral gyri, the insula cortex, the posteri- 
* half of the superior temporal gyrus, and 
irt of the body of the caudate nucleus. 
‘dependent meurologists and a radiologist 
terpreted the-ctinical anc radiologic evi- 
ence as indicating two previous old ische- 
ric infarctions and a recen: left frontopar- 
etal ischemic infarction (Figure). 


COMMENT 


ere is eonsiderable controversy 
rarding possible amatomic sub- 
=tes subserving the residual read- 
ability ir patients with deep dys- 
iz and much of this controversy 
zers on tke production of semantic 
alexias.*' 

Some autherssuggest that the com- 
nsatory reading strategies used by 
bp dyslexc patients, especially 
bse strategies responsible for the 
Moduction ef semantic paralexias, 
Kilie, at least in part, reading mech- 
anisms located in the right hemi- 
sphere (right hemisphere hypothe- 
sis)" Major support for this con- 
"Mis on is the qualitative similarity 
etween the reading ability of 
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Table 1.—Results of the Western Aphasia Battery * 


Information 


Initial assessment 9.0 6.0 


Second assessment 
Second week 


Sixth week 


* Adapted from Kertesz.? 


Fluency 





Repetitien 
7.6 


Naming 
9.1 


Comprehension 
8.2 


+Similar result on one subtest (Auditory Word Comprehension). 


Table 2.—Analysis of Single-Word Reading Ability: 
A Battery of Linguistic Analysis for Writing and Reading * 


High- 


Nounst 


Correct, % 100 90 97 


* Adapted from Roeltgen et al.* 





Orthographic 
—Ó—— 


Low-Imagery 
Imageable Function Imagery .——————————— ———— ———— 
Wordst Nounst Nounst Adjectivest Verbsi Reguar$ IrregularS 


82 71 


80 83 75 


tMatched for length, frequency, and regularity (n = 40 nouns and function words). 


Matched for length and frequency (n = 30). 


§Matched for length, frequency, and word class (n = 45). 


patients with deep dyslexia and the 
responses of some subjects, normal 
and commisurotomized, to ortho- 
graphic imput presented only to the 
left visual field.^^ These groups all 
have been shown to produce semantic 
paralexias. 

Alternatively, other authors sug- 
gest that the right hemisphere has 
little or no reading ability, and that 
the oral reading ability of deep dys- 
lexic patients depends on residual left 
hemispheric mechanisms.” 

Following his initial symptomatic 
stroke (presumably the stroke that 
caused the left parietal lesion), this 
patient had a mild stable aphasia. He 
also had a dyslexia characterized by 
semantic, derivational, and visual 
paralexias, as well as function word 
substitutions. He also read nouns of 
high imagery better than matched 
nouns of low imagery, and read nouns 
better than matched function words 
and nouns better than matched adjec- 
tives, which he read better than 
matched verbs (Table 2). In addition, 
he showed difficulty in deriving pho- 
nology from print. He read only 14 of 
60 nonwords and had difficulty on two 
phonology recognition tasks, rhyming 
and pseudohomophone picture-point- 
ing. These findings are consistent 
with the diagnosis of deep dyslexia. 

Following his most recent stroke, 
the patient lost much of his speech 
ability and almost all of his reading 
ability, including reading of real 
words, deriving phonology from print 
and comprehension. 

Computed tomography following 
the last stroke indicated that he had 
most likely sustained a recent left 
frontal cerebral infarction. Although 
no old CT scans were available for 
comparison, the clinical and radiolog- 

























Table 3.—Phonetic Reading 





Score 
Correct/ 
Given 





Nonword oral reading from 
Battery of Linguistic 
Analysis of Writing and 
Reading (one and two 
syllables)‘ 


Nonword oral reading from 6/40 
Battery of Adult Reading 
Function (one, two, and 
three syllables with com- 
plex phonemes, eg, blends)® 
Rhyming task (real words) 16/20 
(chance, 
10/20) 
Picture-pointing task (three 36/40 
pictures) when stimulus (chance, 
was a nonword homo- 13/40) 


phonic for a real word 


ic evidence indicate that tae left fron- 
tal lesion was recent ani the other 
lesions were old. The size and location 
of the right frontal lesion, close to or 
involving the motor area, make it 
unlikely that an acute ischemic stroke 
in that location would be umdetectable 
clinically. Similarly, the new right 
hemiparesis is consistent with a new 
left hemispheric lesion. The non- 
changing, well-defined lesions, poste- 
riorly on the left and on tae right, as 
found on the initial CT scan, are 
inconsistent with the d-agnosis of 
acute ischemic infarction. _n contrast, 
the left frontal lesion that was initial- 
ly ill-defined and later enhanced is 
typical for an acute ischemic infarc- 
tion. 

These clinical and radielogic data 
are consistent with the conclusion 
that in this patient, the residual read- 
ing ability following the first stroke 
was dependent on left frontal mecha- 
nisms. 
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Second computed tomographic study after latest stroke. Stippled area is enhancing lesion, 
consistent with recent ischemic infarction. Shaded areas are well-defined lucencies, consistent 
with old ischemic infarctions. Brain slices were plotted using technique of Damasio and 
Damasio."’ The lateral view was extrapolated from transverse sections and plotted on lateral 
view of left hemisphere (modified after Gado et al'®). 


The right hemisphere hypothesis 
for reading includes at least two com- 
ponents, analysis and response.: 
Analysis is thought to include those 
mechanisms necessary for perception 
and description of the stimulus word 
so as to generate a semantic code. This 
information is then thought to be 
transferred to the left hemisphere for 
response. The response may include 
oral reading and/or lexical decision. 

Prior to his last stroke, our patient 
was able to perform analysis (compre- 
hension of written words and slightly 
better than chance ability to point to 
pictures when  pseudohomophones 
were presented) and production (oral 
reading). Following the last stroke, 
despite retaining some speech ability 
(comprehension, single-word repeti- 
tion, and one-to-three-word sponta- 
neous utterances), he lost ability to 
perform both analysis and production 
for reading. Such findings are most 
consistent with the conclusion that, in 
this patient, reading analysis and pro- 
duction, including lexical access for 
comprehension and production of 
semantic paralexias, were dependent 
on left hemispheric mechanisms that 
were present after his earliest aphasic 
stroke. 

There are at least two ways that 
this patient’s residual reading abili- 
ties may have been dependent on left 
hemispheric mechanisms. First, those 
mechanisms may have been present in 
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the left hemisphere and subsequently 
disrupted by the second left hemi- 
spheric stroke. Alternatively, the sec- 
ond left hemispheric stroke may have 
disrupted access to language mecha- 
nisms that remained intact in the 
right hemisphere. The second expla- 
nation is unlikely because the occipi- 
tal lobes, the temporo-occipital re- 
gion, and the splenium of the corpus 
callosum, structures usually thought 
to be necessary for the perception of 
and interhemispheric transfer of visu- 
ally perceived written language, 
were intact after the second left hemi- 
spheric stroke. Consequently, percep- 
tion and interhemispheric transfer of 
visual information, including reading, 
should have remained intact after the 
second left hemispheric stroke. 
Although these data are consistent 
with the conclusion that this patient’s 
deep dyslexic reading abilities, both 
analysis and production, depended on 
intact left hemispheric functions, 
such a conclusion may not be true for 
all patients with deep dyslexia. Heil- 
man et ai'* described a patient with a 
global aphasia following a left hemi- 
spheric stroke. Their patient had pre- 
served reading comprehension that 
was lost after a new right hemispheric 
stroke. Their results indicate that, 
unlike the present patient, some 
patients may have mechanisms 
present in the right hemisphere capa- 
ble of analysis of reading. The results 








from the present patient, as well E 


those from the patient described 
Heilman et al suggest that residu 
mechanisms necessary to analy* 
reading may be present in the left . 
right hemisphere, but that in sor 
patients both mechanisms are d) 
rupted by new left hemisphe 
lesions. 


This study was supported ky Teacher Inves- 
gator Development award K07 NS00807 to 
University of Missouri-Colurr bia. 

The author thanks Lisa Carr for helping t 
the subject, and Evelyn Hampton for manuser- 
preparation. 
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Ps drug must be administered slowly. Do not exceed 50 mg per 
minute intravenously. 
In neonates, the drug should be administered at a rate 
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ONE "arenseral: Parenteral Dilantin is indicated for the control of status epilepti- 
the grand ma type, and prevention and treatment of seizures occurring during 
josurgery. 

Ea Dilantin is indicated for the control of generalized tonic-clonic (grand mal) and com- 
"partial (peychorrotor, temporal lobe) seizures and prevention and treatment of sei- 
"ls occurnne auring or following neurosurgery. 

&lenytoin sesum level determinations may be necessary for optimal dosage adjustments 
7 Dosage ard'Admiaistration and Clinical Pharmacology in full prescribing information). 
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— TRAINDICATIONS: Parenteral Because of its effect on ventricular automaticity, 

oin is cCattaindicated in sinus bradycardia, sino-atrial block, second- and third- 

> A-V bloex and patients with Adams-Stokes syndrome. 

he enteral ancCral: Phenytoin is contraindicated in those patients who are hypersensitive 
1 »nytoin or cher hydantoins 

* NINGS: P= entera’ intravenous administration should not exceed 50 mg per 
pte in adults in neonates, the drug should be administered at a rate not exceeding 

3/kg/min. 

ere cardiot-»«c reactions and fatalities have been reported with atrial and ventricular 

Taction depression and ventricular fibrillation. Severe complications are most com- 

' encountereci«n elderly or gravely ill patients 

»nytoin shouxtpe used with caution in patients with hypotension and severe myocar- 

sufficiency. 

otension uswaily occurs when the drug !S administered rapidly by the intravenous 
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*intramuscul»r outers not recommended for the treatment of status epilepticus since 
= levels of phenytoin in the therapeutic range cannot be readily achieved with doses 
Methods of administration ordinarily employed. 
#8: Abrupt withdrawal at phenytoin in epileptic patients may precipitate status epilepti- 
T Shen, in the jud c men!» the clinician, the need for dosage reduction, discontinuation, 
p “gstitution of altemative antiepileptic medication arises, this should be done gradually 
T" 'er, in the ever? ot an allergic or hypersensitivity reaction, rapid substitution of alterna- 
dr apy may benecessary. In this case, alternative therapy should be an antiepileptic 
F ID« belonging the hydantoin chemical class. 
5 lag oral and Oral There have been a number of reports suggesting a relationship 
ww. phenytoin and the development of lymphadenopathy (local or generalized) 
“g benign !ymon node hyperplasia, pseudolymphoma, lymphoma, and Hodgkin s 
». Although acause and effect relationship has not been established, the occur- 
„n lymphadencoathy indicates the need to differentiate such a condition from other 
en" ymph node pathology. Lymph node involvement may occur with or without symp- 
VO -d signs reserro«ng serum sickness eg. fever, rash and liver involvement. 
zases of lymcanadencpathy, follow-up observation for an extended period is indi- 
sand every efformsiouldrbe made to achieve seizure control using alternative antiepi- 


ix Ote alcoholic inta«e-may ncrease phenytoin serum levels while chronic alcoholic use 
al decrease serum revels 
ge im Pregnancy: ^«e^te-3! and Oral. A number of reports suggests an association 
een the use of antenileptic drugs by women with epilepsy and a higher incidence of 
J defects in children Dorn to these women. Data are more extensive with respect to 
x nytoim and phenooe-B'tal, Gut these are also the most commonly prescribed antiepilep- 
d rugs; less sysiemascor arscdotal reports suggest a possible similar association with 
Ye use ofall known antrepileptie drugs 
|The reports suggesting 3 higher incidence of birth defects in children of drug-treated epi- 
Bptic women cannot be sardeg as adequate to prove a definite cause and effect relation- 
ship. There are intrinsic methcdologic problems in obtaining adequate data on drug 
atogeni=ity in human. genetic factors or the epileptic condition itself may be more 
portant han drug therapy in \eading to birth detects. The great majority of mothers on 
tiepileptc medication jelivernormal infants. It is important to note that antiepileptic 
gs should not be discor'inuesl in patients in whom the drug is administered to prevent 
ajor seizures, because» the strong possibility of precipitating status epilepticus with 
tendant hypoxia and thrse to life in individual cases where the severity and frequency of 
le seizure disorder aresuc^ thatthe removal of medication does not pose a serious threat 
| "the patiert, discontinua' on of the drug may be considered prior to and during pregnancy. 
hough it cannot be saideweth any confidence that even minor seizures do not pose some 
zard to the developing ?mbryc or fetus. The prescribing physician will wish to weigh 
‘a considerations in treating orcounseling epileptic women of childbearing potential 
Additionto the reports oftncreased incidence of congenital malformation, such as cleft 
flate and neart malformetionsan children of women receiving phenytoin and other anti- 
at tic drugs, there have-more recently been reports of a fetal hydantoin syndrome. This 
[95 tts of prenatal growth aeticiency, microcephaly and mental deficiency in children born 
ing hers who have recewecohenytoin, barbiturates, alcohol, or trimethadione. However, 
ex features are all interrelated end are frequently associated with intrauterine growth 
*“lation fron other causes 
aT re have deen isolated ports of malignancies, including neuroblastoma, in children 
`a -2 mothers received phenytoin during pregnancy 

J@ increase in seizure frequency during pregnancy occurs In a high proportion of 
i i nts, becamse of altered phenytc;n absorption or metabolism. Periodic measurement of 
Je phenyton levels is particular valuable in the management of a pregnant epileptic 

7 4t as a gude to an apor»rriate adjustment of dosage. However, postpartum restora- 
» B+ the origir al dosage wil-zxobab'y be indicated. 

th, Dnatal coagulation defecshave been reported within the first 24 hours in babies born 
te. leptic mothers receivingzomenoGarbital and/or phenytoin. Vitamin K has been shown 
to prevent or carrect this defec: andenas Deen recommended to be given to the mother 
petora delivery and the neonas=atier birth 
PRECAUTIONS. General: Parterai The addition of Dilantin solution to intravenous infu- 
sion is not recommended due 5 ack c solubility and resultant precipitation 
Each injection of intravenous Galante should be followed by an injection of sterile saline 
throuch the same needle or int=a"enous catheter to avoid local venous irritation due to the 
|. Ikalinity of the sclution. Continwcus infusion should be avoided 
" 1 Soft tissue irritation and inflar-rationmas occurred at the site of injection with and without 
. "jravasation of intravenous phenytoin Soft tissue irritation varying from slight tenderness 
tensive necrosis and sloug^ing has been noted Subcutaneous cr perivascular injec- 
Id be avaided. 
Osteomalacia has been associated with phenytoin therapy anc Is considered to be 
o phenytoin'sinterference with Vitamin D metabolism. 
€ enteral and Gral: The liver isthe site o! biotranstormation. Patients with impaired liver 
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function, elderly patients, or those who are gravely ill nay show early toxicity. 

A small percentage of individuals who have been treated with phenytoin have been 
shown to metabolize the drug slowly. Slow metabolism may be due to limited enzyme avail- 
ability and lack of induction; it appears to be genetica'ly determined 

Phenytoin should be discontinued if a skin rash appears (see "Warnings" section regard- 
ing drug discontinuation) If the rash is exfoliative, purpuric, or bullous or if lupus erythema- 
tosus or Stevens-Johnson syndrome is suspected, use of this drug should not be resumed 
and alternative therapy should be considered. (See Adverse Reactions.) If the rash is of a 
milder type (measles-like or scarlatiniform), therapy rnay be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients 

Phenytoin is not indicated for seizures due to hypoglvcemic or other metabolic causes 
Appropriate diagnostic procedures should be performed as indicated 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand-mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed 

Serum levels of phenytoin sustained above the optimal range may produce confusional 
states referred to as "delirium," “psychosis,” or “encephalopathy,” or rarely irreversible cere- 
bellar dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recom- 
mended. Dose reduction of phenytoin therapy IS indicated if plasma levels are excessive; if 
symptoms persist, termination is recommended. (See Warnings) 

Information for Patients: Oral: Patients taking phenytoin should be advised of the impor- 
tance of adhering strictly to the prescribed dosage regime, and of informing the physician 
of any Clinical condition in which it is not possible to take the drug orally as prescribed, eg, 
surgery, etc 
Patients should also be cautioned on the use of other drugs or alcoholic beverages with- 
out first seeking the physician's advice. 
Patients should be instructed to call their physician if skin rash develops 
The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications 
Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve opti- 
mal dosage adjustments 
Drug Interactions: There are many drugs which may increase or decrease phenytoin levels 
or which phenytoin may affect. The most commonly occurring drug interactions are listed 
below: 1. Drugs which may increase phenytoin serum levels include: chloramphenicol, 
dicumarol, disulfiram, toloutamide, isoniazid, phenylbutazone, acute alcohol intake, salicy- 
lates. chlordiazepoxide, phenothiazines, diazepam, estrogens, ethosuximide, halothane, 
methylphenidate, sulfonamides. cimetidine, trazodone 
2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol 
abuse. reserpine. Moban® brand of Molindone Hydrochloride contains.calcium ions which 
interfere with the absorption of phenytoin Ingestion times of phenytoin and antacid prepa- 
rations containing calcium should be staggered in patients wit? low serum phenytoin levels 
to prevent absorption problems 
3. Drugs which may either increase or decrease phenytoin serum levels include pheno- 
barbital, valproic acid, and sodium valproate. Similarly, the ef^ect of phenytoin on pheno- 
barbital, valproic acid and sodium valproate serum levels is unoredictable 
4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures 
in susceptible patients and phenytoin dosage may need to be adjusted 
5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anti- 
coagulants, oral contraceptives, quinidine, vitamin D, digitoxin, rifampin, doxycycline, 
estrogens, furosemide. 
Serum level determinations are especially helpful when possible drug interactions are 
suspected 

Drug/Laboratory Test Interactions: Phenytoin may cause decreased serum levels of pro- 

tein-bound iodine (PBI). It may also produce lower than normal values for dexamethasone 

or metyrapone tests. Phenytoin may cause increased serum levels of glucose. alkaline 
phosphatase, and gamma glutamy! transpeptidase (GGT) 

Carcinogenesis: See Warnings section for information on carcinogenesis. 

Pregnancy: See Warnings 

Nursing Mothers: Infant breast feeding is not recommended for women taking this drug 

because phenytoin appears to be secreted in low concentrations n human:mtilk 

ADVERSE REACTIONS: Parenteral: The most notable signs of toxicity associated with the 

intravenous use of this drug are cardiovascular collapse and/or central nervous system 

depression. Hypotension does occur when the drug is administered rapidly by the intrave- 
nous route. The rate of administration is very important: it should no: exceed 50 mg per min- 
ute in adults, and 1-3 mg/kg/min in neonates. At this rate, toxicity snould be minimized 

Injection Site: Local irritation, inflammation, tenderness, necrosis, and sloughing have 

been reported with or without extravasation of intravenous phenytoin 

Parenteral and Oral: Cardiovascular: Severe cardiotoxic reactions and fatalities have 
been reported with atrial and ventricular conduction depression and ventricular fibrillation 

Severe complications are most commonly encountered in elderly or gravely ili patients 

Central Nervous System: The most common manifestations encountered with phenytoin 

therapy are referable to this system and are usually dose-related. These include nys- 

tagmus, ataxia, slurred speech, decreased coordination and mental confusion Dizziness, 
insomnia. transient nervousness, rnotor twitchings, and headaches have also been 
observed. There have also been rare reports of phenytoin induced Cyskinesias, including 
chorea, dystonia, tremor and asterixis, similar to those induced by phenothiazine and other 
neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients 
receiving long-term phenytoin therapy 

Gastrointestinal System: Nausea, vomiting, and constipation 

Integumentary System: Defmatological manifestations sometimes accompanied by fever 

have included scarlatiniform or morbilliform rashes. Amorbilliform rash (measles-like) is the 
most common; other types of dermatitis are seen more rarely. Other more serious forms 
which may be fatal have included bullous, exfoliative or purpuric dermatitis. lupus erythe- 
matosus. and Stevens-Johnson syndrome (see Precautions) 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been 
reported in association with administration of phenytoin. These nave included thrombocy- 
topenia, leukopenia, granulocytopenia, agranulocytosis, and pancytopenia with or without 
bone marrow suppression. While macrocytosis and megaloblastic anemia have occurred, 
these conditions usually respond to folic acid therapy. Lymphadenopathy including benign 
lymph node hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease have been 
reported (see Warnings) 

Connective Tissue System: Coarsening of the facial features, enlargement of the lips, 
gingival hyperplasia, hypertrichosis, and Peyronie's Disease 

Other: Systemic lupus erythematosus, periarteritis nodosa, toxic hepatitis, liver damage, 
and immunoglobulin abnormalities may Occur 
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